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PREFACE 


The  studies  and  analyses  reported  herein  were  conducted  under  the 
auspices  of  Research  for  Lines  of  Communication  Facilities  in  Theaters 
of  Operations,  Project  Uai62121AT31 , Task  01,  Work  Unit  001,  "Road 
Capability-Analysis  and  Modification,"  and  Engineering  Criteria  for 
Design  and  Construction  (O&MA),  Project  1+K078012AQ61 , Task  02,  Work 
Unit  001,  "Deterioration  of  Pavement  Surfacings."  This  effort  is  chiefly 
a continuation  of  research  initiated  in  FY  1972  under  the  auspices  of 
Military  Engineering  Design  and  Expedient  Construction  Criteria  (MEDECC), 

Project  4ao62112A859 j Task  01,  Work  Unit  002,  "Theater  of  Operations 

Highway  and  Storage  Area  Design"  and  continued  as  Work  Unit  15,  "Theater  ; 

i 

of  Operations  Road  Networks  Throughput  Capability."  | 

This  investigation  was  accomplished  as  a cooperative  effort  by  i 

elements  of  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  ’ 

i 

and  the  U.  S.  Department  of  Agriculture  Forest  Service  (FS).  Persons  ! 

•I 

involved  in  planning  and  conducting  the  field  tests  were  Messrs.  V.  M.  ^ 

Dekalb  and  D.  L.  Jones  of  the  FS,  Messrs.  N.  R.  Murphy  and  P.  E.  Speake  j 

of  the  WES  Mobility  and  Environmental  Systems  Laboratory,  and 
Messrs.  V.  C.  Barber,  E.  C.  Odom,  R.  W.  Patrick,  and  R.  T.  Sullivan  of 

the  WES  Soils  and  Pavements  Laboratory  (SSePL).  Analysis  of  data  and  ' 

report  preparation  were  conducted  by  Messrs.  Barber,  Odom,  and  Patrick.  i 

Structural  analysis  was  performed  by  Dr.  G.  M.  Hammitt  II  of  the  WES 
S&PL. 

The  investigation,  analysis,  and  reporting  were  under  the  general 
supervision  of  Messrs.  J.  P.  Sale,  Chief  of  the  S&PL,  and  D.  M.  Ladd, 

Chief,  Design  Criteria  Branch,  Pavement  Design  Division,  S&PL.  Directors 
of  WES  during  the  planning,  testing,  analysis,  reporting,  and  publica- 
tion phases  were  COL  G.  H.  Hilt,  CE,  and  COL  J.  L.  Cannon,  CE.  Technical  i 

Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (Sl) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  In  this  report  can  be  con- 
verted to  metric  (Sl)  units  as  follows: 

Multiply By  To  Obtain 


inches 

feet 

miles  (U.  S.  statute) 
acres 

pounds  (mass) 

kips  (mass) 

pounds  (force) 

kips  (force) 

pounds  (mass)  per 
cubic  foot 

miles  per  hour 


2^.h 

0.30^48 
1. 6093^+^4 
UoU6. 856 
0.1453592^4 
I453.592I4 
I4.I4I48222 
I4.I4I48222 
16.OI8I46 

I.6093I4I4 


millimetres 

metres 

kilometres 

square  metres 

kilograms 

kilograms 

newtons 

kilonewtons 

kilograms  per  cubic  metre 
kilometres  per  hour 
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PAVEMENT  DETERIORATION  ANALYSIS  FOR 
DESIGN  AND  EVALUATION  SYSTEMS 


PART  I : INTRODUCTION 

Background 

1.  Research  and  development  efforts  at  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  from  1970  to  197^,  in  the  areas  of 
Loth  ground  mobility  and  soils  and  pavements,  have  resulted  in  the  devel- 
opment of  a system  for  use  in  the  analysis  of  vehicle  and  road  inter- 
action. This  Vehicle/Road  Compatibility  Analysis  and  Modification 
System  (VRCAMS)  uses  state-of-the-art  design  as  well  as  evaluation 
criteria  and  methodology  in  the  areas  of  mobility,  geometries,  struc- 
tures, and  maintenance  to  determine  and  measure  the  compatibility  of  a 
vehicle  with  the  environment  on  which  it  operates. 

2.  The  VRCAMS  consists  of  five  computational  modules  which  are 
(a)  mobility  and  ride  dynamics,  (b)  traffic  volume/capacity,  (c)  struc- 
tural analysis,  (d)  maintenance  analysis,  and  (e)  vehicle  movement 
modules.  The  synergetic  combination  of  these  modules  provides  for  com- 
puterized computation  and  output  of  pertinent  vehicle/road  descriptive 
parameters  which  are  vehicle  speed,  traffic  volumes  at  various  service 
levels,  road  life  to  failure,  and  maintenance  requirements. 

3.  The  empiricisms  in  the  VRCAMS  structural  and  traffic  volume/ 
capacity  modules  provide  for  computations  of  existing  conditions  and 
the  life  expectancy  of  those  conditions,  respectively.  Inherent  in 
these  computations,  because  of  the  "failed"  versus  "unfailed"  defini- 
tions used,  is  the  implication  that  a given  compatibility  level  will 
exist  until  sudden  failure.  Since  it  is  known  that  compatibility  con- 
ditions change  with  time  and  traffic,  a sixth  module  was  developed  for 
the  VRCAMS  that  treats  all  output  parameters  as  variables  of  a function 
of  traffic  and  time.  This  deterioration  analysis  module  uses  functional 
deterioration  of  a road  to  show  relationships  between  roughness  and 
traffic,  and  between  speed  and  roughness.  This  in  turn  provides  for 


7 


r 


relating  speed  reduction  with  road  deterioration.  Deterioration  analysis 
in  this  manner  gives  the  VRCAMS  the  capability  of  not  only  computing 
present  conditions  but  also  predicting  future  vehicle/road  compatibility. 
The  need  to  f ield-validate  this  sixth  module  gave  rise  to  the  need  to 
conduct  field  tests  to  gather  deterioration  information. 

Additionally,  exchanges  of  information  with  the  U.  S.  Depart- 
ment of  Agriculture  Forest  Service  (FS)  showed  that  the  need  for  dete- 
rioration analysis  capabilities  was  mutually  shared.  The  FS  has  a need 
to  assess  construction  and  maintenance  costs  on  roads  and  trails  that 
are  constructed  for  the  national  forests  and  other  purposes.  Since 
public  law  provides  that  road  construction  and  maintenance  costs  can  be 
shared  by  commercial  users,  the  FS  must  determine  how  these  costs  should 
be  allocated.  It  was  felt  that  this  need  of  the  FS  could  be  met  by  the 
development  of  deterioration  analysis  techniques  that  would  provide  for 
assessing  the  road  deterioration  caused  by  given  vehicle  types.  The 
specific  application  of  the  results  of  such  studies  would  be  in  an  in- 
vestment strategy  model  now  under  development  by  the  FS.  The  first 
generation  system  contains  three  principal  subsystems,  one  of  which  is 
a maintenance  cost  module.  Road  deterioration  is  a vital  part  of  this 
module. 

5.  Improved  pavement  analysis  procedures  being  developed  at  WES 
also  point  to  the  need  for  a deterioration  analysis  system.  These  ana- 
lytical systems,  using  multilayered  elastic  theory  and  being  predictive 
of  performance,  rely  on  relationships  of  pavement  deterioration  versus 
environment  and  traffic. 

6.  In  order  to  meet  these  common  needs,  the  FS  and  WES  agreed  to 
certain  field  tests  to  provide  a portion  of  the  data  needed  to  develop 
a deterioration  analysis  system.  The  conduct  of  such  field  tests  was 
made  possible  by  the  advent  of  an  intensive  log-hauling  operation  in  the 
Stanislaus  National  Forest  near  Sonora,  California.  A forest  fire  in 
the  summer  of  1973  killed  trees  in  an  area  covering  over  20,000  acres.* 


* A table  of  factors  for  converting  U.  S.  customary  units  of  measure- 
ment to  metric  (Sl)  units  is  presented  on  page  6. 
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Successful  salvage  operations  for  about  200  million  board  feet  (mbf)  of 
timber  dictated  moving  the  usable  logs  during  the  svimmer  and  fall  of 
197^.  This  timber-hauling  operation  provided  the  opportunity  to  monitor 
paved,  gravel,  and  unsurfaced  roads  for  deterioration  as  they  were  being 
subjected  to  frequent  heavy  truck  traffic.  Tests  that  appeared  likely 
to  accomplish  the  desired  results  were  initiated  in  the  early  summer  of 
197^  and  completed  in  October  197^. 

Purpose 

7-  The  purpose  of  this  investigation  was  to  collect  all  data  pos- 
sible on  a roadnet  that  would  upon  analysis  provide  for  initial  and 
partial  development  of  deterioration  relationships  for  roads  subjected 
to  vehicle  traffic  that  could  be  used  in  the  deterioration  analysis 
module  of  the  VRCAMS  and  in  the  investment  strategy  model.  In  addition, 
the  establishment  of  a testing  procedure  for  future  use  in  collecting 
deterioration  data  was  proposed.  The  collection  of  data  pertinent  to 
vehicle  speed  versus  roughness  to  validate  portions  of  the  mobility  and 
ride  dynamics  module  of  the  VRCAMS  was  also  intended. 

Scope 

8.  This  investigation  was  a combined  effort  by  elements  of  WES 
and  the  FS.  The  chief  efforts  were  planning  and  conducting  tests  to 
obtain  deterioration  data  on  the  roads  of  the  Stanislaus  National  Forest 
during  the  summer  and  fall  of  197^.  These  data  were  undertaken  to 
develop  preliminary  deterioration  relationships;  the  results  were 
applied  to  the  VRCAMS  and  are  being  applied  to  the  investment  strategy 
model  and  other  computational  systems. 

9-  This  report  describes  the  field  tests  and  data  collected.  It 
presents  the  data  analyses  and  the  resulting  deterioration  relation- 
ships. Appendix  A describes  the  deterioration  analysis  module  of  the 
VRCAMS  and  its  utilization  of  deterioration  relationships.  Applicability 
of  deterioration  relationships  to  the  investment  strategy  model  will  be 
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reported  under  the  auspices  of  the  FS,  while  results  of  validation  of 
the  mohility/ride  dynamics  module  of  the  VRCAMS  will  be  published  in 
subsequent  reports  by  other  elements  of  WES. 

10.  As  previously  mentioned,  this  study  was  not  intended  to  be  a 
complete  effort  in  pavement  deterioration  analysis,  but  was  intended  to 
be  the  first  in  a series  of  studies  to  ultimately  develop  comprehensive 
deterioration  analysis  capabilities.  This  report  therefore  gives  recom- 
mendations for  future  work  based  upon  the  current  state  of  the  art  and 
lessons  learned  from  this  study. 

Definitions  of  Terms 


11.  For  clarity,  definitions  of  certain  terms  as  they  are  used 

in  this  report  are  as  follows: 

Road:  A horizontal  structure  consisting  mainly  of  a 

traveled  way,  shoulders,  and  drainage  facilities  and 
intended  as  a route  of  travel  for  ground  vehicles. 

b.  Unsurfaced  roads:  A road  whose  surface  consists  only  of 

materials  naturally  existing  at  the  site,  usually  con- 
structed with  earth-moving  equipment  by  grading,  leveling, 
and  drainage  operations. 

£.  Aggregate  surfaced  road:  A road  having  a course  of  pit 

run  crushed  aggregate  on  the  surface  to  improve  the 
wearing  and  load-carrying  capability. 

Flexible  pavement  surfaced  road:  A road  consisting  of  an 

asphaltic  concrete  surfacing  and  a granular  base  course 
above  the  subgrade  to  provide  a dustproof  and  waterproof 
wearing  surface  and  to  improve  load-carrying  capability. 

£.  Primary  road:  A single  road,  usually  gravel  surfaced  or 

flexible  pavement  surfaced,  that  provides  sole  or  primary 
access  to  the  area  of  operation. 

£.  Secondary  road:  Any  road  leading  from  the  primary  road 
to  parts  of  the  area  of  operation  that  does  not  sustain 
volumes  of  traffic  as  high  as  the  primary  road. 

£.  Tertiary  road:  An  unsurfaced  road,  usually  short 

T<Tmile),  that  provides  access  from  a secondary  road 
to  a specific  operational  location  such  as  a loading 
area  or  a water  point. 
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PART  II:  TESTS  AND  OBSERVATIONS 


Test  Area 

Location  and  description 

12.  The  Stanislaus  National  Forest  is  in  the  Sierra  Nevada  moun- 
tain range  approximately  125  miles  east  of  San  Francisco,  California. 
One  of  the  two  areas  of  the  Stanislaus  National  Forest  where  testing 
was  performed  was  subjected  to  intensive  use  by  logging  traffic  while 
the  other  area  sustained  only  light  recreational  traffic.  The  princi- 
pal test  area  was  located  on  the  primary  road  that  ran  from  the  timber 
sale  area  toward  the  lumber  mills  and/or  the  secondary  roads  in  and 
adjacent  to  the  timber  sale  area.  This  primary  road,  designated  by  the 
Forest  Service  as  INO^,  will  be  referred  to  in  this  report  by  its  local 
name.  Cottonwood  Road.  Cottonwood  Road  begins  in  Tuolumne,  California, 
and  runs  approximately  35  miles  eastward  to  Cherry  Lake.  The  mainte- 
nance of  the  first  3 miles  of  Cottonwood  Road  was  the  responsibility  of 
Tuolumne  County  since  this  section  was  outside  of  the  National  Forest 
boundary.  The  remaining  part  of  Cottonwood  Road  is  entirely  within  the 
National  Forest.  Numbered  mileposts  were  located  at  1-mile  intervals 
beginning  with  milepost  zero,  around  the  middle  of  the  county-owned 
section  of  Cottonwood  Road,  and  running  to  milepost  32,  about  half  a 
mile  west  of  Cherry  Lake.  A general  layout  of  Cottonwood  Road  along 
with  some  secondary  roads  is  shown  in  Figure  1.  Cottonwood  Road  con- 
tains sharp  curves  with  grades  up  to  8 percent  and  lies  in  mountainous 
terrain  consisting  of  weathered  soils  formed  on  igneous  parent  rock. 
Eastward  from  mile  zero  on  Cottonwood  Road,  the  grade  runs  generally 
uphill  until  it  reaches  a crest  around  mile  13  then  goes  downhill  until 
it  levels  at  the  bridge  over  the  Clavey  River  at  mile  17.7.  Cottonwood 
Road  is  then  relatively  flat  between  the  Clavey  River  Bridge  and  the 
Reed  Creek  Bridge  at  mile  21. h.  From  there  the  grades  are  generally 
uphill  to  about  mile  30.  The  road  then  runs  downhill  the  last 

2-1/2  miles  to  Cherry  Lake. 

13.  Numerous  secondary  roads  having  various  widths  and  surface 
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types  intersect  Cottonwood  Road.  The  two  feeder  roads  utilized  in  these 
tests  were  3N01  North  which  entered  Cottonwood  Road  at  mile  21.8  and 
2N89  which  entered  Cottonwood  Road  at  mile  2J.7. 

ik.  The  test  area  subjected  to  light  recreational  traffic  was 
Herring  Creek  Road  which  intersects  California  State  Highway  108  about 
2 miles  northeast  of  Strawberry,  California.  This  road  is  approximately 
20  miles  north  of  the  Cottonwood  Road  at  Cherry  Lake. 

Test  sites 

15.  General  observations  of  traffic,  maintenance,  and  construc- 
tion were  made  over  the  entire  area  with  specific  testing  being  con- 
ducted at  seven  individual  sites.  The  testing  and  observation  period 
began  6 May  197^  and  ended  29  September  197^.  There  were  four  test 
sites  on  Cottonwood  Road  and  one  site  each  on  3N01  North,  2N89,  and 
Herring  Creek  Road.  The  general  location  of  each  site  in  the  log- 
hauling  area  is  shown  in  Figure  1.  Site  1 was  on  Cottonwood  Road, 

200  ft  west  of  milepost  eight;  site  2 was  at  mile  12.5.  Both  of  these 
test  sites  had  flexible  pavements.  Photo  1 shows  site  1 at  the  begin- 
ning of  the  test  period  while  Photo  2 shows  site  1 after  an  asphalt 
overlay.  Site  2 is  depicted  in  Photo  3.  Site  3,  located  at  mile  20.5 
between  Clavey  River  and  Reed  Creek,  was  originally  lonsurfaced  as 
shown  in  Photo  U.  Photos  5 and  6,  respectively,  show  site  3 after  the 
base  had  been  placed  and  after  an  asphalt  surface  had  been  added. 

Site  U was  600  ft  west  of  milepost  25  and,  as  shown  in  Photo  7»  had 

an  aggregate  surface  at  the  beginning  of  the  test.  Site  5 was  on 
the  aggregate  surfaced  3N01  North  about  2 miles  north  of  the  Cotton- 
wood Road.  Photo  8 shows  the  aggregate  surface  on  site  5 at  the  be- 
ginning of  the  tests  while  Photo  9 shows  the  depth  of  the  aggregate 
on  site  5 in  an  exposed  cross  section  at  the  edge  of  the  road. 

Photo  10  was  taken  after  a dust-oil  layer  had  been  applied  to  site  5. 
Site  6 in  Photo  11  was  about  1 mile  north  of  Cottonwood  Road  on  2N89 
which  was  unsurfaced.  Site  7 (Photo  12)  was  on  Herring  Creek  Road 
about  2 miles  east  of  Highway  IO8.  Figures  2 through  8 give  plan  and 
profile  views  of  each  of  the  seven  test  sites. 

16.  Sites  1 through  k on  Cottonwood  Road  generally  experienced 
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'est  site  2,  Cottonwood  Poad 


Figure  4.  Test  site  3*  Cottonwood  Road 


Figure  5-  Test  site  U,  Cottonwood  Road 


heavy  logging  traffic  approximating  300  trucks  per  day.  Sites  5 and  6 
were  on  feeder  roads  having  a lower  volume  of  logging  traffic  than  the 
sites  on  Cottonwood  Road.  Site  7 was  outside  the  logging  area  with  the 
majority  of  its  traffic  being  recreational. 

Construction 

IT.  Cottonwood  Road  was  constructed  in  1965.  The  section  between 
milepost  one  and  the  Clavey  River  Bridge  had  an  asphalt  surface  at  the 
beginning  of  the  test.  This  asphalt  pavement,  varying  in  thickness  from 
h-\/2  to  10  in.,  was  placed  in  the  fall  of  1973.  The  section  of  Cotton- 
wood Road  between  the  Clavey  River  Bridge  and  milepost  30  was  paved 
with  a k-in.  asphalt  surface  in  the  summer  of  197^  during  the  WES  ob- 
servation period.  The  primary  paving  operation,  which  involved  placing 
the  asphalt  in  two  layers,  began  15  July  and  ended  8 August,  a total  of 
19  workdays.  The  asphalt  surface  overlaid  an  aggregate  base  of  varying 
thickness  dependent  upon  the  strength  of  the  subgrade.  The  Cottonwood 
Road  east  of  the  Reed  Creek  Bridge  had  most  of  the  base  in  place  at  the 
beginning  of  the  testing  period  with  some  being  added  later.  In  the 
U-mile  section  between  t;  e Clavey  River  and  Reed  Creek  that  included 
site  3,  all  of  the  base  material  was  placed  after  the  WES  observation 
began. 

18.  Typical  sections  of  the  test  sites  on  Cottonwood  Road  showing 
the  asphalt  and  base  thicknesses  at  the  end  of  the  field  tests  are  pre- 
sented in  Figures  2 through  6.  The  dates  of  the  placement  completion 
for  the  asphalt  surfaces  on  sites  3 and  h as  well  as  the  asphalt  overlay 
on  site  1 are  noted  in  these  figures.  The  subgrade  of  the  section  be- 
tween the  Clavey  River  and  Reed  Creek  required  extensive  scarifying  and 
blading  by  a motor  grader  to  achieve  the  design  grade  before  the  base 
was  added.  This  construction  continued  for  some  time  after  the  WES  ob- 
servation began.  During  the  construction  period  there  were  several 
rockslides  on  this  U-mile  road  section  which  had  to  be  cleared. 

19.  The  construction  operation  and  the  log-hauling  operation 
were  conducted  simultaneously  on  Cottonwood  Road  causing  some  delay  to 
both  operations.  Since  the  log  trucks  were  running  constantly  over  the 
base  course,  the  base  required  final  grading  prior  to  paving.  This 
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final  grading  operation  usually  occurred  about  one  day  prior  to  placing 
the  binder  course  of  asphaltic  concrete. 

Upgrading 

20.  During  the  testing  period  several  other  construction  activi- 
ties were  conducted  in  addition  to  the  asphalt  paving.  A dust-oil  layer 
was  placed  on  the  aggregate  base  on  sections  of  Cottonwood  Road  to  re- 
duce dust  during  the  period  prior  to  paving.  Site  was  in  one  of  the 
sections  that  received  an  oil  application.  Since  there  was  a relatively 
long  time  interval  between  placement  of  the  oil  layer  and  the  asphalt 
paving,  much  of  the  oil  treatment  was  rendered  ineffective  by  the  heavy 
traffic,  especially  in  curved  sections  of  roadway.  Before  the  oil  was 
placed,  the  surface  wear  caused  by  the  traffic  was  similar  over  all 
portions  of  the  base  surface.  However,  after  tne  oil  layer  had  been 
placed,  the  base  that  was  exposed  when  sections  of  the  oil  layer  wore 
off  exhibited  more  wear  than  the  surrounding  surfaces.  This  resultant 
partial  oil  surfacing  and  consequent  nonuniform  wear  created  severe 
potholes  that  made  the  road  rougher  than  it  was  before  the  oil  layer 
was  applied. 

21.  During  the  summer  a log-loading  area  was  constructed  adjacent 
to  site  1+.  In  building  this  loading  area  some  of  the  aggregate  base  on 
Cottonwood  Road  was  excavated  and  replaced.  Asphalt  curbs  were  also 
built  on  several  sections  of  Cottonwood  Road  including  the  parts  paved 
in  1973  and  197^*  An  asphalt  curb  was  constructed  along  the  eastbound 
lane  of  site  3. 

22.  Toward  the  end  of  the  summer  most  of  the  secondary  feeder 
roads  were  given  an  aggregate,  oil  layer,  or  asphalt  siirface.  During 
the  summer,  sites  6 and  7 experienced  no  construction  activities,  but 

a dust-oil  layer  was  placed  on  the  aggregate  sirrfaced  3N01  North  on  two 
different  occasions.  In  preparation  for  the  oil  layer,  3N01  North  in- 
cluding site  5 was  bladed  extensively  by  a motor  grader.  Site  5 was 
bladed  on  30  July  for  the  first  time  since  the  beginning  of  tne  test 
period.  From  5 to  9 August,  3N01  North  was  scarified,  bladed,  and 
watered.  On  10  August,  3N01  North  was  closed  to  traffic  and  a thin  oil 
layer  was  applied.  This  oil  layer  was  described  by  the  contractor  as 
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MC-JO  with  a thickness  of  about  0.25  in.  An  observation  made  on  12  Au- 
gust shewed  scattered  patches  where  either  the  oil  layer  was  not  placed 
or  had  broken  after  traffic.  On  site  5 there  was  an  approximately  35-ft 
patch  of  exposed  aggregate  in  the  east  wheel  path.  For  a week  or  so 
after  the  application  of  the  oil  layer,  the  log  hauling  was  limited  to 
about  two  trucks  to  help  compact  the  oil  layer.  Even  this  relatively 
light  traffic  broke  large  areas  of  the  oil  layer,  particularly  in  the 
curves.  Loose  rocks  scattered  over  the  oil  layer  remaining  in  place 
because  the  oil  layer  had  been  unable  to  hold  down  these  2-  to  3-in.- 
diam  rocks  that  had  popped  out  when  exposed  to  traffic.  Photo  10,  taken 
around  the  first  of  September,  shows  the  deterioration  of  the  oil  layer 
on  site  5-  The  apparent  reason  for  the  failure  of  the  oil  layer  to  re- 
main in  place  was  the  high  percentage  of  coarse  gravel  in  the  underlying 
aggregate  base  that  had  been  placed  before  the  testing  period  began. 

23.  On  26  August,  3N01  North  had  some  slight  blading  done  on  the 
rougher  sections.  The  western  edge  of  the  pavement  in  the  middle  of 
site  5 was  one  of  the  places  bladed.  The  bladed  area  was  outside  (west) 
of  the  west  wheel  path.  On  30  August,  3N01  North  was  bladed  again  and 
watered. 

2k,  On  6 September  a second  oil  layer  was  placed  on  3N01  North 
after  the  road  was  bladed  and  watered.  Insufficient  curing  time  prior 
to  use  in  addition  to  excessive  richness  and  thickness  caused  the  oil 
layer  to  shift.  Although  the  road  was  closed  on  6 September,  it  was 
opened  to  recreational  traffic  the  next  day.  On  8 September,  the  oil 
treatment  was  still  sticky,  peeling  off  in  most  areas.  The  oil  layer 
remained  only  where  the  previously  applied  oil  layer  was  still  in  place. 
The  oil  layers  continued  to  deteriorate  for  the  rest  of  the  testing 
period. 

25.  On  2k  August  an  oil  seal  was  placed  on  the  asphalt  pavement 
of  Cottonwood  Road  from  the  Clavey  River  Bridge  to  the  end  of  the  as- 
phalt pavement  at  mile  30.  The  rest  of  Cottonwood  Road  from  mile  one 
to  the  Clavey  River  was  given  an  oil  seal  on  17  September. 

Maintenance 
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26.  During  the  testing  period  some  maintenance  was  performed  on 
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the  asphalt  surfaced,  aggregate  surfaced,  and  unsurfaced  roads.  There 
were  several  small  localized  failures  requiring  extensive  patching  in 
the  asphalt  pavement  of  Cottonwood  Road.  These  were  located  mainly  in 
the  downhill  westbound  lane  between  mile  emd  mile  9-  Two  of  these 
failures  are  shown  in  Photos  13  and  lU.  Most  of  these  localized  fail- 
ures were  slippage  failures  caused  by  the  loss  of  bond  between  the 
surface  layer  of  asphaltic  concrete  and  the  underlying  asphalt.  The 
maintenance  consisted  primarily  of  excavating  and  replacing  the  damaged 
material  in  the  area  surrounding  the  failure.  Site  1 had  one  failure 
area  in  the  westbound  lane  that  was  repaired  on  20  and  21  May.  Another 
slippage  failure  was  observed  in  the  eastbound  lane  of  site  1 on  7 June. 
The  section  of  Cottonwood  Road  having  the  most  failures  was  given  a 
2-in.  asphalt  overlay  on  28  June.  This  1.2-mile  section,  which  included 
site  1,  was  located  between  miles  6.9  and  8.1. 

27.  Until  these  sections  were  paved,  maintenance  was  performed 
almost  daily  on  the  aggregate  surfaced  sections  of  Cottonwood  Road. 

Due  to  the  dry  conditions  during  the  summer  and  the  heavy  daily  traffic, 
the  unpaved  sections  of  Cottonwood  Road  were  sufficiently  dusty  to  hinder 
the  log-hauling  traffic  and  create  a safety  hazard.  As  a preventive 
measiire  to  reduce  dust  the  road  was  watered  frequently.  Another  form 
of  maintenance  conducted  on  the  unpaved  portions  of  Cottonwood  Road  was 
occasional  grading  to  remove  irregularities  caused  by  the  traffic. 

28.  Site  5 on  the  aggregate  surfaced  3N01  North  experienced  no 
maintenance  during  the  testing  period  while  site  6 on  the  unsurfaced 
2N89  experienced  constant  grading  and  watering.  This  difference  in 
maintenance  was  due  to  the  difference  in  surface  types  and  the  differ- 
ence in  contractor  maintenance  practices.  The  lumber  company  that  would 
have  provided  maintenance  on  3N01  North  was  primarily  responsible  for 
placing  the  aggregate  base  on  Cottonwood  Road  between  the  Clavey  River 
and  Reed  Creek.  Thus,  until  their  construction  activities  on  Cottonwood 
Road  were  finished  they  could  not  divert  equipment  to  3N01  North.  As 
soon  as  the  placement  of  the  aggregate  base  on  Cottonwood  Road  was  com- 
pleted, the  contractor  began  grading  3N01  North  in  preparation  for  the 
oil  layer  that  was  placed  on  10  August. 


2h 


29.  In  contrast  to  3N01  North,  almost  all  of  the  other  secondary 
roads  in  the  log-hauling  area  had  at  least  some  type  of  maintenance 
during  the  testing  periods.  Of  all  the  secondary  roads  observed,  2N89 
probably  had  the  most  maintenance.  After  site  6 on  2N89  was  selected 
as  a test  site  on  21  June,  the  observation  of  the  maintenance  on  2N89 
began.  The  maintenance  on  2N89  consisted  mainly  of  grading  the  road 

as  shown  in  Photo  15,  and  watering  the  road  as  shown  in  Photo  l6.  From 
the  initial  observation  until  the  end  of  July,  site  6 was  graded  from 
two  to  four  times  a day  two  days  a week.  The  grading  procedure  consisted 
of  one  pass  over  and  back  the  entire  length  of  2.2  miles.  Occasionally 
during  this  round  trip,  the  motor  grader  would  back  up  and  regrade  parts 
of  the  road.  Based  on  observations  made  during  this  period,  there  was 
an  average  of  six  passes  per  day  by  water  trucks.  The  number  of  water 
truck  passes  and  hence  the  wetness  of  the  road  varied  considerably  from 
day  to  day.  The  purposes  of  the  water  trucks  were  to  keep  the  road  wet 
when  it  was  being  graded  and  reduce  the  dust  caused  by  the  traffic. 

30.  About  2h  July  a new  motor  grader  operator  was  assigned  to 
2N89  and  a few  adjacent  secondary  roads.  This  operator  did  all  of  the 
grading  on  2N89  for  the  rest  of  the  testing  period.  With  the  change  of 
motor  grader  operators  there  was  also  a change  of  maintenance  procedure. 
Instead  of  the  entire  road  being  graded  with  a series  of  long  passes, 

2N89  was  divided  into  four  separate  sections  that  were  graded  one  at  a 
time  with  four  to  eight  passes  per  section.  Of  the  four  sections,  the 
section  that  underwent  the  most  grading  contained  site  6 which  was 
graded  about  four  times  a week.  During  this  portion  of  the  test  period 
there  appeared  to  be  more  coordination  between  the  grading  and  watering 
activities  since  the  water  trucks  and  the  motor  grader  both  operated 
simultaneously  on  the  same  section  of  2N89.  Keeping  the  road  wet  while 
being  graded  rendered  the  grading  operation  more  effective.  The  nimber 
of  water  truck  passes  on  site  6 increased  during  this  period  to  about 

10  or  12  per  day.  This  number  varied  depending  upon  the  number  of  water 
trucks  operating  on  2N89  and  the  distance  the  water  trucks  had  to  travel 
to  the  water  supply,  as  well  as  other  considerations. 

31.  At  times  2N89  was  watered  so  heavily  that  lighter  vehicles 
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experienced  traction  difficulties  on  some  of  the  steeper  grades.  Evi- 
dently, as  long  as  the  water  trucks  were  on  the  job,  they  continued  to 
run  whether  or  not  the  road  actually  needed  further  watering.  Simi- 
larly, there  were  times  when  the  motor  grader  unnecessarily  graded  the 
road.  The  contractor's  reasoning  appeared  to  be  that  as  long  as  the 
maintenance  equipment  was  available  it  was  better  to  maintain  the  road 
continuously  rather  than  wait  for  the  road  to  deteriorate  enough  to 
require  extensive  maintenance.  Usually  the  road  deteriorated  little 
between  maintenance  cycles.  Since  the  rutting  that  occurred  between 
cycles  was  minimal,  light  grading  by  the  motor  grader  was  sufficient  in 
most  cases. 

32.  The  Herring  Creek  Road  had  one  session  of  maintenance,  being 
graded  between  5 and  8 August.  This  maintenance  on  site  7 was  conducted 
by  FS  personnel. 

Traffic  Counting  and  Evaluation 


Counters 

33.  To  measure  the  amount  of  traffic  on  the  test  sites,  two  types 
of  battery-operated  traffic  counters  were  used.  One  was  a Fisher-Porter 
magnetic  loop  counter  in  which  a wire  loop  is  placed  a few  inches  below 
the  road  surface  registering  each  vehicle  as  it  passes  through  the  mag- 
netic field  created  by  the  loop.  An  attached  strip  recorder  accumulates 
traffic  volume  at  1-hr  intervals.  A weakness  of  this  type  of  counter  is 
its  failure  to  discriminate  types  of  vehicles.  Electric  eye  counters 
aided  in  solving  this  problem.  This  type  of  counter  has  a transmitter 
on  one  side  of  the  road  which  sends  a light  beam  across  the  road  to  a 
reflector  which  sends  it  back.  Whenever  a vehicle  passes  tnrough  the 
light  beam  it  is  registered  by  the  counter.  By  setting  the  transmitter 
and  reflector  high  enough,  only  the  taller,  heavy  vehicles  such  as  log 
and  gravel  trucks  were  counted.  Occasionally  the  electric  eye  countea 
light  vehicles  such  as  recreational  campers  or  pickup  trucks  carrying 
tall  loads,  but  this  was  minimal.  In  contrast  to  the  magnetic  loop 
counters,  the  electric  eye  counters  used  a digital  register. 
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Locations 

3^.  A total  of  seven  counters  were  used  at  various  locations. 

There  were  two  magnetic  loop  counters  on  Cottonwood  Road,  one  at  mile  6 
and  the  other  at  mile  22,  200  ft  east  of  the  intersection  of  3N01  North. 
For  most  of  the  testing  period  an  electric  eye  counter  was  located  at 
mile  13  on  Cottonwood  Road.  This  counter  had  been  placed  around  mile  10, 
but  was  moved  to  mile  13  on  1^*  May.  The  count  from  the  electric  eye 
register  represented  all  of  the  logging  trucks  and  most  of  the  heavy 
construction  and  maintenance  vehicles  that  passed  sites  1,  2,  and  3 on 
Cottonwood  Road.  The  count  at  mile  13  was  not  representative  of  the 
logging  traffic  on  site  h since  there  were  several  feeder  roads  carrying 
logging  traffic  which  intersected  Cottonwood  Road  between  mile  13  and 
site  k.  To  measure  the  traffic  on  site  5,  a magnetic  loop  counter  was 
installed  on  3N01  North  about  500  ft  north  of  Cottonwood  Road,  and  an 
electric  eye  counter  was  placed  at  site  5 on  3N01  North.  The  mounted 
electric  eye  counter  on  site  5 is  shown  in  Photo  17 . A magnetic  loop 
counter  was  located  about  500  ft  north  of  Cottonwood  Road  on  2N89  to 
count  the  vehicles  passing  site  6,  while  another  magnetic  loop  counter 
was  placed  on  the  Herring  Creek  Road. 

Procedures 

35-  Each  traffic  counter  was  read  two  to  three  times  per  week. 

For  the  magnetic  loop  counters  the  traffic  volume  at  0600  hr  was  read 
from  tne  attached  recorder.  At  the  conclusion  of  the  testing  period 
the  paper  tapes  on  the  strip  recorders  of  the  magnetic  loop  counters 
were  computer  processed  by  FS  representatives.  The  resulting  computer 
printout  gave  the  accumulative  traffic  counts  in  addition  to  the  date 
and  hour  each  count  was  recorded.  There  were  some  errors  in  the  dates 
listed  on  the  computer  printout,  but  by  comparing  the  printout  with  the 
counter  readings  made  in  the  field  test,  these  inaccurate  dates  were 
corrected.  The  accumulative  daily  traffic  was  then  computed  using  the 
corrected  printout  data. 

36.  Since  the  electric  eye  counters  registered  only  a continuous 
traffic  total,  it  was  difficult  to  determine  the  traffic  distribution 
over  a given  period  of  time.  Attempts  to  have  daily  readings  at 
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approximately  the  same  time  proved  difficult  because  other  work  require- 
ments conflicted  with  so  arduous  a schedule.  Consequently,  avera^’es  for 
each  five-day  work  week  were  projected  from  two  daily  readin^^s  taken 
with  appropriate  time  intervals  during  the  week  in  question.  Weekend 
traffic  was  determined  by  subtracting  the  reading  at  the  end  of  a work 
week  from  the  initial  reading  at  the  beginning  of  the  following  work 
week. 

37.  After  the  traffic  data  were  sorted  into  daily  and  weekend 
traffic,  they  were  classified  according  to  vehicle  type  by  the  following 
procedure.  For  3N01  North  and  Cottonwood  Road  the  traffic  measured  by 
the  magnetic  loop  counters  and  not  by  the  electric  eye  counters  was 
classified  as  consisting  of  light  vehicles.  Although  mainly  pickup 
trucks,  this  classification  would  also  include  passenger  cars,  jeeps, 
and  motorcycles.  Based  on  many  manually  counted  traffic  samples  taken 
during  the  summer,  the  traffic  measured  by  the  electric  eye  counter 
was  further  divided  into  two  groups,  log-hauling  trucks  and  medium  ve- 
hicles. A typical  loaded  log  truck  is  shown  in  Photo  l8;  a typical 
xmloaded  log  truck  is  shown  in  Photo  19>  The  medium  vehicle  classifi- 
cation included  gravel  trucks,  asphalt  trucks,  water  trucks,  motor 
graders,  recreational  campers,  and  trailer  trucks  carrying  construction 
equipment.  It  was  not  necessary  to  establish  counts  for  the  different 
types  of  medium  vehicles  because  there  were  so  many  types  and  the  over- 
all total  was  small  compared  with  the  number  of  log  trucks.  In  addi- 
tion, the  critical  lane  on  Cottonwood  Road  from  a deterioration  stand- 
point was  the  westbound  Isine  on  which  the  loaded  log  trucks  traveled. 

The  gravel  and  asphalt  trucks  were  usually  loaded  on  the  eastbound  lane 
and  empty  on  the  westbound  lane.  Site  6 on  2N89  did  not  have  an  elec- 
tric eye  counter,  but  it  did  have  a magnetic  loop  counter  which  recorded 
all  vehicular  traffic.  Based  on  the  traffic  sampling  on  2N89,  this 
total  vehicle  count  was  divided  into  two  categories,  log  trucks  and 
other  vehicles.  There  were  few  gravel  trucks  and  no  asphalt  trucks  on 
2N89  during  the  testing  period.  The  only  regular  heavy-load  traffic  on 
2N89  consisted  of  log  and  water  trucks.  Most  of  the  other  traffic  con- 
sisted of  pickup  trucks.  Since  the  traffic  on  site  7 was  primarily 
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recreational  with  no  log  trucks,  traffic  samples  were  not  made  on  this 
site . 


38.  Even  though  all  counters  should  have  operated  continuously 
throughout  the  testing  period,  occasional  breakdowns  did  occur.  Bat- 
teries were  the  primary  cause  of  failure  in  the  magnetic  loop  counters. 
The  large  power  drain  of  the  magnetic  loop  counters  caused  the  batteries 
to  have  a relatively  short  life.  The  percentage  of  vehicles  detected 
gradually  decreased  as  the  batteries  weakened  beyond  a certain  voltage 
level.  Since  the  counter  would  still  be  recording  some  vehicles,  this 
gradual  failure  was  difficult  to  detect.  Consequently,  some  coxinters 
were  working  improperly  for  several  days  before  the  malfunction  was 
detected  and  the  batteries  changed.  To  solve  this  problem,  the  batter- 
ies were  subsequently  checked  frequently  with  a voltmeter  and  replaced 
when  approaching  the  failure  level.  The  electric  eye  counter  at  site  5 
experienced  no  problems  during  the  testing  period  although  the  electric 
eye  counter  at  mile  13  on  Cottonwood  Road  had  two  short  intervals  of 
inoperation.  One  interval  occurred  when  the  counter  was  moved  from  its 
previous  location  around  mile  10;  the  other  occurred  when  the  reflectors 
were  removed  by  vandals.  The  amount  of  traffic  passing  an  inoperative 
counter  was  estimated  from  the  traffic  data  for  other  dates. 

Data  collected 

39.  The  traffic  samples  on  sites  1 through  6 were  taken  on  var- 
ious days,  at  various  times,  and  with  various  time  intervals.  The  roads 
with  less  traffic  required  longer  sampling  time  intervals  to  acquire 
sufficient  data.  For  all  six  sites  the  traffic  for  any  given  day  was 
classified  according  to  the  samples  taken  during  the  same  relative 

time  period.  The  weekly  accumulative  traffic  data  from  the  date  of  the 
initial  testing  at  each  site  to  the  end  of  the  testing  period  are  sum- 
marized in  Tables  1-6. 


Surface  Roughness 

Cross  sections  and  profiles 

1+0.  Several  procedures  were  used  to  measure  the  road  surface 
roughness  of  the  test  sites  and  the  changes  in  roughness  due  to  traffic. 
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One  method  was  profiles  and  cross  sections  taken  with  a surveying  level 
and  level  rod.  Figures  2 through  8 show  the  general  layout  of  the  re- 
spective test  sites  and  the  locations  of  the  cross  sections  and  pro- 
files. The  sites  were  using  conventional  surveying  station  numbers 
beginning  with  station  0+00  and  ending  at  station  2+00.  Photo  20  shows 
site  1 being  measured  and  marked  off.  The  first  six  test  sites  had  four 
cross  sections  covering  the  entire  width  of  the  road  at  50-ft  intervals 
and  also  had  two  parallel  200- ft  profiles.  Site  7 had  four  cross  sec- 
tions and  only  one  200- ft  profile.  Rod  readings  were  taken  at  2- ft 
intervals  along  the  cross  sections  on  sites  1 through  h on  Cottonwood 
Road  and  at  1-ft  intervals  along  the  cross  sections  on  sites  5 through 
7 on  the  secondary  roads.  Photo  21  shows  typical  cross-section  mea- 
surements being  taken  on  site  3.  Rod  readings  were  taken  along  the 
profiles  every  5 ft  on  all  seven  sites.  On  Cottonwood  Road  the  profiles 
were  measured  along  the  outside  wheel  path  of  both  the  east-  and  west- 
bound lanes.  Since  sites  5 and  6 were  on  essentially  one-lane  roads, 
the  profiles  were  along  both  wheel  paths.  Since  the  section  of  Herring 
Creek  Road  where  site  7 was  located  was  relatively  flat  and  smooth,  one 
profile  was  considered  representative  of  the  entire  road.  In  addition, 
the  wheel  paths  of  site  7 were  undefined  due  to  the  small  amount  of 
traffic . 

i*l.  The  profiles  and  cross  sections  were  taken  at  various  times 
during  the  entire  summer.  The  initial  measurements  on  sites  1 through 
5 were  made  during  the  week  of  5 to  11  May.  Site  6 was  added  on  21  June; 
site  7 had  its  initial  measurement  on  25  July.  The  final  profiles  and 
cross  sections  were  made  during  the  week  of  22  to  28  September. 

k2.  An  effort  was  made  to  obtain  the  rod  reading  for  each  sub- 
sequent set  of  measurements  at  the  same  points  on  the  road  as  the  ini- 
tial readings.  This  was  necessary  to  accurately  determine  the  change 
in  the  road  surface.  Therefore,  the  initial  points  were  referenced  with 
offset  stakes  placed  well  off  the  road.  Although  some  of  the  offset 
stakes  were  disturbed  by  construction  or  logging  operations,  the  initial 
points  were  reestablished  with  a satisfactory  degree  of  accuracy. 
Cross-section  data  are  graphically  presented  in  Figures  9 through  15; 
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some  representative  profile  data  from  each  site  are  presented  in  Fig' 
ures  l6  and  IT. 
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Figure  9.  Cross-section  measurements  on  test  site  1 
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Figure  10.  Cross-section  measurements  on  test  site  2 
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Cross-section  measurements  on  test  site  5 
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Figure  lU.  Cross-section  measurements  on  test  site  ( 
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Figure  15.  Cross-section  measurements  on  test  site  7 


Figure  IT.  Typical  profile  measurements  on  test  sites  5 through  T 


Permanent  deformation 

i*3.  Another  method  used  to  measure  the  road  surface  roughness  or 


deformation  was  a standard  10-ft  straightedge  shown  in  Photo  22.  The 
straightedge  was  placed  transversely  across  the  road  and  surface 
deviations  from  the  straightedge  were  measured.  Although  the  straight- 
edge was  primarily  used  to  measure  the  rut  depth  at  various  locations, 
it  could  also  be  used  to  measure  other  surface  geometry.  Tne  straight- 
edge was  used  on  all  seven  sites  throughout  the  testing  period.  How- 
ever, the  only  measurable  ruts  occurred  on  sites  5 and  6.  Since  site  6 
was  graded  almost  daily,  it  was  virtually  impossible  to  measure  any 


9:  appreciable  change  in  rut  depth.  In  contrast  to  site  6,  site  5 had 
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change  in  rut  depth  as  the  traffic  accumulated.  Table  7 shows  the 
straightedge  measurements  made  at  site  5 on  three  separate  days  along 
with  the  accumulated  traffic  data  for  the  three  days.  For  the  initial 
set  of  straightedge  measurements  on  20  June,  the  rut  depth  was  measured 
to  the  nearest  0.25  in.  The  measurements  for  the  two  later  dates  shown 
in  Table  7 were  read  to  the  nearest  0.1  in.  No  rut  depth  measurements 
were  made  on  the  interior  cross  sections  of  site  5 on  20  June  because 
the  truck  and  trailer  used  for  the  small  aperture  testing  (SAT)  were  on 
this  section  of  road  at  the  time  the  rut  depths  were  being  measured. 

UI4.  There  was  no  maintenance  on  site  5 during  the  intervals  be- 
tween the  straightedge  measurements.  About  the  first  of  August,  site  5 
was  bladed  extensively  for  several  days  and  then  a dust-oil  layer  was 
placed  on  the  surface  of  the  road.  Before  any  deterioration  measurable 
by  a straightedge  could  occur,  site  5 was  bladed  again  and  a second  oil 
layer  was  applied.  Shortly  thereafter  the  testing  period  ended. 

U5.  In  addition  to  measuring  the  rut  depths  on  site  5 with  the 
straightedge,  an  effort  was  made  to  determine  the  rut  depths  based  on 
the  cross-section  measurements.  This  was  done  by  calculating  what  the 
rut  depth  measurements  would  have  been  if  a 10-ft  straightedge  had  been 
placed  on  the  cross-section  points.  The  results  from  this  procedure 
are  shown  in  Table  8.  While  the  rut  depths  as  measured  by  the  cross 
sections  should  not  be  as  accurate  as  the  straightedge  measurements, 
they  should  be  reasonably  accurate,  especially  for  the  deeper  ruts. 

There  wore  only  four  points  on  site  5 where  the  cross-section  measure- 
ments and  the  straightedge  measurements  were  made  at  about  the  same 
time.  For  these  four  points,  the  cross  sections  made  on  19  June  showed 
an  average  rut  depth  of  0.92  in.  while  the  straightedge  measurements 
conducted  on  20  June  showed  an  average  rut  depth  of  0.9*+  in. 

Structural  Properties 
Small  aperture  testing  (SAT) 

U6.  In  addition  to  the  surface  roughness  measurements,  the  struc- 
tural properties  of  the  soil  were  also  tested  to  determine  the  road 
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deterioration  at  all  seven  sites  at  various  intervals.  Most  of  the  test- 
ing was  accomplished  by  a SAT  procedure  that  is  described  in  detail  by 
Hall  and  Elsea.^  The  SAT  equipment  consists  of  a small  trailer-mounted 
drill  rig  (shown  in  Photo  23)  which  has  a standard  6-in.-diam  core 
drill.  Hydraulic  lifting  jacks  were  installed  in  the  trailer  to  pro- 
vide a stable  working  platform.  An  important  feature  of  the  drill  rig 
is  the  sliding-base  arrangement  which  allows  the  coring  of  the  pavement, 
the  removal  of  the  drill  assembly  from  the  hole  to  perform  the  desired 
tests,  and  the  automatic  realignment  of  the  drill  assembly  for  further 
advancement  of  the  hole.  A thin-walled  diamond-core  barrel  was  used 
for  coring  the  asphalt  pavement  as  shown  in  Photo  2k.  An  auger  was  used 
for  advancing  the  hole  into  the  base  or  subgrade  as  shown  in  Photo  25. 
California  Bearing  Ratio  (GBR)  tests 

UT-  An  integral  part  of  the  SAT  procedure  is  a modified  CBR 
test  that  is  conducted  in  the  6-in.-diam  hole  made  by  the  drill  rig. 

Photo  26  shows  the  CBR  test  setup  for  the  SAT  procedure.  This  modified 
CBR  test  differs  from  the  conventional  test  pit  CBR  in  that  no  surcharge 
weights  are  placed  around  the  CBR  piston  to  replace  the  overburden 
material  that  is  removed  when  the  test  pit  is  excavated.  Since  the  SAT 
CBR's  are  measured  with  the  natiiral  overburden  on  the  pavement  layers, 
no  surcharge  weights  are  necessary.  A series  of  tests  comparing  SAT  CBR 
values  with  the  conventional  test  pit  CBR  values  at  identical  locations 
have  shown  reasonably  good  agreement.^  SAT  CBR  values  tend  to  be 
slightly  higher  than  conventional  values  and  must  be  slightxy  modified 
to  agree  with  conventional  CBR  test  values. 

i*8.  For  the  asphalt  surfaced  test  sites  such  as  sites  1 and  2, 
the  modified  CBR  test  was  run  at  three  different  depths.  These  were 
the  top  of  the  base  immediately  below  tne  pavement , the  top  of  the  sub- 
grade, and  12  in.  below  the  surface  of  the  subgrade.  For  the  aggregate 
surfaced  sites  such  as  site  5»  the  CBR  was  measured  on  the  road  surface, 
on  the  top  of  the  subgrade,  and  12  in.  into  the  subgrade.  For  the  un- 
surfaced test  sites  such  as  sites  6 and  T>  the  CBR  test  was  r\m  on  the 
road  surface  and  12  in.  below  the  road  surface.  For  each  SAT  series, 
two  adjacent  holes  were  drilled  and  the  CBR  was  measured  at  each  depth 


Ul 


' — 1 


in  each  hole.  If  the  two  CBR's  differed  greatly  at  any  depth,  a third 
hole  was  drilled  and  a third  set  of  CBR's  were  taken.  The  final  CBR 
value  was  obtained  by  averaging  the  CBR's  for  each  depth. 

U9.  Only  one  series  of  CBR  tests  was  run  at  site  7 on  Herring 
Creek  Road.  Two  to  four  series  of  tests  were  conducted  at  the  other 
six  sites  during  the  testing  period.  At  each  site  the  initial  set  of 
CBR  tests  was  conducted  in  one  of  the  loaded  log  truck  wheel  paths  at 
station  0+25.  Each  succeeding  series  of  CBR  tests  was  moved  up  in  the 
same  wheel  path  about  50  ft  from  the  previous  series.  The  testing  dates 
and  CBR  values  are  listed  for  all  seven  sites  in  Table  9-  Also  in- 
cluded in  this  table  are  the  cumulative  traffic  data  for  the  sites  on 
the  date  of  testing. 

Moisture  and  density 

50.  In  addition  to  measuring  the  CBR,  the  SAT  procediire  included 
the  determination  of  water  content  and  dry  density  of  the  base  and  sub- 
grade. Soil  samples  were  taken  from  the  drill  holes  at  the  same  depth 
at  which  the  CBR  tests  were  conducted.  These  samples  were  weighed  and 
then  oven-dried  to  determine  the  water  contents  which  are  shown  in 
Table  The  dry  density  of  the  base  and  subgrade  was  determined  using 
two  types  of  nuclear  devices.  These  nuclear  gages  actually  measured  the 
wet  density  of  the  soil;  but  from  this  measurement  and  the  water  content 
values,  the  dry  density  could  be  calculated. 

51.  The  device  primarily  used  with  the  SAT  was  a special  nuclear 
density  apparatus  developed  for  WES  by  a commercial  source.  This  device 
is  shown  in  Photos  27  and  28.  When  using  the  apparatus  a nuclear  sovirce 
(cesium)  is  placed  in  one  core  hole  and  a detector  tube  is  placed  in  a 
second  hole  at  the  same  depth.  This  apparatus  measures  the  density  of 
a 2-in. -thick  layer  and  may  be  used  for  many  different  depths.  The  pro- 
cedure requires  the  two  CBR  holes  to  be  spaced  from  11  to  lU  in.  apart. 

52.  The  other  type  of  nuclear  device  was  a Troxler  Model  No.  2^01. 

This  gage,  shown  in  Photo  29>  was  used  for  determining  the  dry  density 
at  the  road  surface  on  aggregate  surfaced  and  unsurfaced  test  sites. 

The  calculated  dry  densities  at  different  depths  for  all  seven  sites 
are  shown  in  Table  9-  j 


U2 


I 

\ 

[ 

I 

i 


53.  While  the  holes  were  being  drilled  at  the  different  sites 
for  the  SAT,  it  was  possible  to  measure  the  asphalt  thicknesses  and 
base  thicknesses,  which  are  also  included  in  Table  9* 

5^.  The  asphalt  pavement  cores  taken  during  the  SAT  were  retained 
for  possible  laboratory  testing.  In  addition  to  these  pavement  cores, 
500-lb  soil  samples  were  taken  from  the  subgrade  of  some  selected  sites 
and  shipped  to  the  WES  soils  laboratory  for  testing.  The  particle  size 
distribution  curve  and  other  soil  classification  data  for  the  subgrade 
soil  of  sites  2,  U,  5>  and  6 are  shown  in  Fig\xres  l8  through  21,  respec- 
tively. Figure  22  shows  the  particle  size  distribution  curve  and  other 
soil  classification  data  for  a sample  of  base  material  from  site  3. 

The  laboratory  compaction  and  CBR  data  for  the  subgrade  materials  were 

determined  according  to  Military  Standard  Methods  100  and  101,  respec- 
2 

tively.  For  specimens  tested  in  the  as-molded  unsoaked  condition,  the 
compaction  and  CBR  data  for  sites  2,  k,  5»  and  6 are  presented  in  Fig- 
ures 23a,  2k&,  25a,  and  26a.  Similarly,  Figures  23b,  2hh,  25b,  and  26b 
include  the  aata  for  the  same  specimens  tested  after  soaking. 


Figure  l8.  Classification  data  for  subgrade  from  test  site 
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Figure  23a.  CBR,  density,  and  water  content  data  for  subgrade 
material  from  test  site  2 (tested  as  molded) 


Figure  2ha.  CBR,  density,  and  water  content  data  for  sutgrade 
material  from  test  site  (tested  as  molded) 


Figure  2l*b.  CBR,  density,  and  water  content  data  for  subgrade 
material  from  test  site  i*  (tested  after  soaking) 


Figure  25a.  CBR,  density,  and  water  content  data  for  subgrade 
material  from  test  site  5 (tested  as  molded) 


Figure  ^5b.  CBR,  density,  and  water  content  data  for  subgrade 
material  from  test  site  5 (tested  after  soaking) 


Figure  26b.  CBR,  density,  and  water  content  data  for  subgrade 
material  from  test  site  6 (tested  after  soaking) 


PART  III:  RESULTS  OF  TESTS 


Site  1 

55-  Site  1,  located  on  Cottonwood  Road,  was  one  of  the  two  sites 
having  an  asphalt  surface  at  the  beginning  of  the  testing  period.  Fig- 
ure 1 shows  the  general  location  of  site  1 with  respect  to  the  other 
five  sites  in  the  area,  while  Figure  2 shows  the  plan  and  profile  views 
of  site  1. 

56.  The  pavement  on  site  1 did  not  experience  a general  failure 
during  the  testing,  but  there  were  two  areas  on  site  1 where  small 
localized  failures  occurred.  These  failures  were  caused  by  the  loss  of 
bond  between  the  surface  layer  of  asphaltic  concrete  and  the  underlying 
base  layer.  Due  to  the  slippage  failures  and  other  similar  failures, 
a 1.2-mile  section  of  Cottonwood  Road  which  included  site  1 was  given 
a 2-in.  asphalt  overlay  on  28  June.  After  the  overlay  was  placed,  there 
were  no  other  failures  on  site  1 or  any  other  location  covered  by  the 
overlay. 

57*  A summary  of  the  traffic  data  collected  on  site  1 showing  the 
weekly  accumulative  vehicle  operations  in  the  westbound  lane  is  pre- 
sented in  Table  1.  As  with  the  other  three  test  sites  on  Cottonwood 
Road,  the  westbound  lane  was  the  traffic  lane  that  the  loaded  log  trucks 
traveled  while  the  returning  empty  log  trucks  traveled  in  the  eastbound 
lane.  By  the  end  of  the  testing  period  there  was  a total  of  29,661 
loaded  log  trucks  having  passed  over  site  1.  In  addition  to  the  log 
trucks  there  were  5,^90  vehicles  in  the  medium  truck  category  and  17,951 
other  vehicles  totaling  53,102  vehicles  for  the  testing  period. 

58.  The  cross-section  data  collected  on  site  1 at  stations  0+25, 
0+75»  1+25,  and  1+75  are  presented  graphically  in  Figure  9*  Cross  sec- 
tions were  taken  at  five  different  levels  of  traffic  operations  at  each 
of  the  four  stations.  These  figures  indicate  the  change  in  surface 
elevation  after  the  2-in.  asphalt  overlay  was  added.  As  shown  by  these 
figures,  there  was  little  change  in  roughness  or  deformation  between 
operation  levels.  Since  there  was  minimal  rutting,  no  straightedge 
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measurements  were  recorded  for  site  1. 

59.  The  profile  data  were  collected  along  two  200-ft  lines  as 
shown  in  the  plan  view  of  Figure  2.  Profile  line  No.  1 was  in  the  out- 
side wheel  path  of  the  eastbound  lane,  while  profile  line  No.  2 was  in 
the  outside  wheel  path  of  the  westboiind  lane.  Profiles  taken  along  the 
interior  100  ft  of  profile  line  No.  2 are  illustrated  in  Figure  lb. 

These  profiles  show  that  the  westbound  lane  of  site  1 had  a downhill 
slope  of  about  6.5  percent.  As  indicated  by  Figure  l6,  the  profile  of 
site  1 remained  relatively  smooth  during  the  entire  testing  period. 

60.  The  results  from  the  SAT  performed  on  site  1 are  shown  in 
Table  9-  This  testing  was  performed  on  two  dates  before  the  asphalt 
overlay  was  placed.  The  accumulative  traffic  operations  in  the  west- 
bound lane  for  the  two  testing  dates  are  included  in  Table  9.  The 
traffic  for  28  June,  which  was  the  date  of  the  asphalt  overlay,  is  also 
shown.  No  SAT  was  performed  on  site  1 at  the  conclusion  of  the  testing 
because  the  pavement  showed  no  sign  of  distress.  The  asphalt  thick- 
nesses listed  in  Tabic  9 were  determined  by  measuring  the  asphalt  cores 
that  were  removed  during  the  SAT  procedure.  For  site  1 the  asphaltic 
concrete  layer  was  6 in.  thick  before  the  overlay.  The  base  course 
thickness  of  3 in.  was  measured  when  the  core  hole  was  advanced  into 
the  subgrade  in  order  to  perform  the  CBR  tests.  The  pavement  structural 
layer  thicknesses  and  the  CBR  values  from  the  initial  SAT  are  illustrated 
in  Figure  2.  As  shown  in  Table  9j  the  CBR's  on  the  top  of  the  base  for 
the  two  testing  dates  were  6l  and  63,  respectively.  The  CBR's  on  the 
top  of  the  subgrade  were  13  and  Ul,  respectively,  while  at  1 ft  into 

the  subgrade  the  CBR's  were  13  and  26.  Table  9 also  lists  the  water 
content  and  dry  density  of  the  soil  at  each  location  at  which  the  CBR 
test  was  performed.  No  soil  samples  were  taken  from  the  subgrade  of 
site  1 for  laboratory  testing. 


Site  2 


6l.  Site  2 also  had  an  asphalt  surface  at  the  beginning  of  the 
testing  period.  The  location  of  site  2 on  Cottonwood  Road  is  shown  in 
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Figure  1;  the  plan  and  profile  views  of  site  2 are  shown  in  Figxire  3. 

This  site  was  located  on  the  side  of  a mountain  with  the  eastbound  lane 
lying  primarily  on  a cut  section,  and  the  westbound  lane  resting  on  a 
rock  fill.  A notable  feature  of  site  2 was  a pullout  lane  adjacent  to 
the  westbound  lane  for  loaded  log  trucks  to  park  and  readjust  the  chains 
restraining  the  logs.  Loaded  log  trucks  using  the  pullout  lane  often 
did  not  pass  over  the  westbound  lane  in  site  2.  To  determine  the  per- 
centage of  the  log  trucks  that  did  not  travel  on  the  westbound  lane, 

many  traffic  samples  were  taken  at  site  2.  The  results  from  these  traf-  | 

fic  samples  were  used  to  calculate  the  momber  of  loaded  log  trucks  that 

I 

actually  used  the  westbound  lane.  I 

62.  The  weekly  accumulative  vehicle  operations  in  the  westbound 
lane  of  site  2 are  given  in  Table  2.  By  the  end  of  the  testing  period 
23,599  loaded  log  trucks,  5,^90  medium  trucks,  and  17,951  other  vehicles 
had  used  the  lane  for  a cumulative  total  of  UT,0U0  vehicle  operations. 

63.  Cross-section  data  from  site  2 taken  at  four  different  sta- 
tions at  four  operational  levels  are  depicted  in  Figure  10.  The  cross 
sections  of  site  2,  similar  to  those  of  site  1,  remained  relatively 
smooth  throughout  the  testing  period.  !Io  straightedge  measurements 
were  recorded  at  site  2 due  to  the  lack  of  significant  rutting. 

6k.  The  two  profiles  obtained  on  the  interior  section  of  the 
loaded  log  truck  profile  line  are  illustrated  in  Figure  16.  These  pro- 
files indicate  that  the  westbound  lane  of  site  2 had  a slope  of  about 
7.5  percent.  In  addition,  these  profiles  show  that  there  was  little 
deformation  during  the  test  period. 

65.  Table  9 lists  the  results  from  the  SAT  on  site  2.  The  dates 
of  testing  and  the  accompanying  traffic  levels  are  also  included.  Due 
to  the  lack  of  pavement  deterioration,  SAT  was  not  done  at  the  end  of 
the  test  period.  The  asphalt  and  base  thicknesses  of  7 in.  and  3 in., 
respectively,  as  well  as  the  initial  CBR's  of  the  base  and  subgrade  are 
shown  in  Figure  3.  A CBR  of  15  was  measured  on  the  top  of  the  base 
course  in  May,  while  a CBR  of  68  was  measured  in  June.  At  the  top  of 
the  subgrade  the  CBR's  were  17  and  26,  respectively,  for  these  two  dates 
while  12  in.  into  the  subgrade  CBR  values  of  39  and  82,  respectively, 
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were  measured.  The  water  content  and  dry  density  of  the  soil  for  each 


CBR  location  are  also  given  in  Table  9.  | 

66.  A 500-lb  disturbed  soil  sample  of  the  subgrade  from  site  2 | 

was  returned  to  WEf>  for  laboratory  testing.  The  gradation  curve  of  the  j 


site  2 subgrade  is  presented  in  Figure  l8.  This  soil  was  nonplastic  and 
classified  as  a gravelly,  silty  sand  (SM)  according  to  the  Unified  Soil 
Classification  System  (USCS).  Figures  23a  and  23b  present  the  labora- 
tory compaction  and  CBR  data  for  the  site  2 subgrade  material.  These 

2 

data  were  determined  according  to  Standard  Military  Methods  100  and  101. 
The  CBR  data  in  Figure  23a  are  for  specimens  tested  in  the  as-molded  un- 
soaked condition.  The  data  in  Figure  23b  are  for  specimens  tested  after 
soaking. 

Site  3 

6T.  Test  site  3,  located  on  a rock  and  earth  fill  section,  was 
unsurfaced  at  the  beginning  of  the  field  tests.  Figure  1 shows  the 
general  location  of  site  3,  while  Figure  U shows  the  plan  and  profile 
views  of  site  3.  The  contractor  began  placing  an  aggregate  base  course 
on  site  3 a few  weeks  after  the  testing  period  began.  After  the  base 
course  was  in  place,  U in.  of  asphaltic  concrete  were  placed  on  this 
site  in  two  layers.  The  surface  layer  of  asphalt  was  placed  about 
T August. 

68.  Table  1 gives  the  accumulative  vehicle  operations  by  week  in 
the  westbound  lane  of  site  3.  On  9 August,  which  was  the  end  of  the 
work  week,  the  asphalt  paving  was  completed;  19,109  loaded  log  trucks, 
U,219  medium  trucks,  and  11,929  other  vehicles  had  traveled  on  this  site. 
When  the  testing  period  was  completed  there  had  been  a total  of  29,661 
loaded  log  trucks,  5,^90  medium  trucks,  and  17,951  other  vehicles  for  a 
cumulative  total  of  53,102  operations. 

69.  The  cross-section  data  collected  on  site  3 are  presented  in 
Figure  11,  while  data  representative  of  the  profile  along  the  loaded 
log  truck  lane  are  illustrated  in  Figure  16.  Only  two  sets  of  profile 
and  cross-section  data  were  taken  during  the  testing  period;  the  initial 
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data  were  measured  when  site  3 was  unsurfaced  while  the  final  set  was 
taken  after  site  3 was  paved.  No  other  profile  and  cross-section  data 
were  measured  because  the  profile  and  cross-section  elevations  were 
continually  changing  due  to  the  construction  activity  involved  in  placing 
the  aggregate  base.  The  figures  presenting  the  profile  and  cross-section 
data  show  that  the  increase  in  elevation  due  to  the  addition  of  the  base 
course  and  asphaltic  concrete  was  between  13  and  lU  in.  The  profile 
data  also  indicate  that  the  westbound  lane  of  site  3 had  a slope  of 
about  i*.0  percent  downhill  when  it  was  unsurfaced  and  a slope  of  3*5  per- 
cent after  paving.  Since  no  significant  rutting  occurred  on  site  3,  no 
straightedge  measurements  were  made. 

70.  The  SAT  data  from  site  3 are  listed  in  Table  9 along  with 
the  accumulative  traffic  operations  for  the  three  dates  of  testing. 

During  the  initial  series  of  testing  there  was  no  base  on  the  site. 

The  CBR  on  the  road  surface  was  80,  while  at  12  in.  below  the  surface 
the  CBR  exceeded  100.  Although  about  6 in.  of  base  existed  on  site  3 
on  the  second  date  of  testing,  no  CBR  tests  were  run  because  the  base 
was  not  fully  compacted.  A CBR  of  95  was  measured  on  the  top  of  sub- 
grade at  this  time.  The  presence  of  large  rocks  immediately  below  the 
subgrade  surface  at  this  testing  location  made  it  impractical  to  drill 
a hole  12  in.  into  the  subgrade  to  measure  the  CBR.  When  the  final  SAT 
series  on  site  3 was  conducted,  h in.  of  asphalt  had  been  placed  on  a 
9.5-in.  base  course.  On  this  date  a CBR  of  hO  was  measured  on  the  top 
of  the  base,  while  the  CBR  on  the  top  of  the  subgrade  was  82,  and  the 
CBR  12  in.  below  the  subgrade  surface  exceeded  100. 

71.  Table  9 lists  the  water  content  and  dry  density  of  the  soil 
at  each  CBR  location  where  these  measurements  could  be  made.  The  dry 
density  could  not  be  determined  at  the  12-in.  level  in  the  subgrade  for 
the  first  two  testing  dates  because  of  the  difficulty  involved  in  ob- 
taining the  pair  of  smooth-sided  holes  required  for  the  nuclear  testing 
device.  When  drilling  the  holes  for  the  CBR  tests,  the  auger  dislodged 
large  rocks  in  the  subgrade  making  the  edges  of  the  holes  very  ragged. 
This  problem  was  encountered  only  on  site  3.  For  the  final  testing  in 
September,  no  dry  density  data  could  be  measured  due  to  a faulty  nuclear 
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density  gage.  No  soil  samples  were  taken  from  the  site  3 subgrade  for 
laboratory  testing. 

Site  U 

72.  This  site  was  the  easternmost  test  site  on  Cottonwood  Road. 

At  the  outset  of  the  field  tests  site  U was  unpaved,  but  the  aggregate 
base  was  already  in  place.  The  subgrade  surface  of  site  U approximated 
the  natural  contour  of  this  area  with  a few  slight  cut  and  fill  sections. 
The  general  location  of  site  U is  shown  in  Figure  1,  while  the  plan  and 
profile  views  of  site  U are  shown  in  Figure  5* 

73.  The  weekly  accumulative  vehicle  operations  in  the  westbound 
lane  of  site  h are  presented  in  Table  3.  Since  there  were  several 
feeder  roads  intersecting  Cottonwood  Road  between  site  it  and  sites  1 
through  3,  this  site  did  not  experience  as  much  log-hauling  traffic  as 
the  other  three  sites  on  Cottonwood  Road.  The  asphalt  surfacing  on 
site  k was  completed  about  1 August.  By  2 August,  13,757  loaded  log 
trucks  had  passed  over  site  U.  In  addition  to  the  log  trucks,  2,868  me- 
dium trucks  and  7 >330  other  vehicles  had  passed  over  the  site  for  a 
total  of  23,955  vehicles.  The  traffic  for  the  entire  testing  period 
included  22, 71^+  loaded  log  trucks,  3,975  medium  trucks,  and  12,083  other 
vehicles. 

7i*.  Cross-section  data  from  site  U taken  at  three  different  traf- 
fic levels  are  depicted  in  Figure  12.  The  first  two  cross  sections  in 
this  figure  were  obtained  before  the  asphalt  placement  while  the  final 
cross  section  was  made  after  the  asphalt  surfacing. 

75.  The  interior  100  ft  of  the  profile  line  in  the  westbound  lane 
of  site  1*  initially  had  a slope  downhill  of  about  5.0  percent  which 
changed  to  a slope  of  about  ^.5  percent  after  paving.  The  cross-section 
and  profile  data  show  little  apparent  change  in  the  roughness  of  the 
road  during  the  unpaved  state.  Straightedge  measurements  were  not  made 
since  little  rutting  occurred. 

76.  The  SAT  data  gathered  on  site  U are  presented  in  Table  9. 
Included  in  this  table  are  the  testing  dates  and  accompanying  traffic 
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levels.  For  the  first  two  SAT  series  the  CBR  on  the  top  of  the  base  was 

determined  to  be  95  and  100  plus,  respectively.  CBR  values  of  19  and 

2h,  respectively,  were  measured  on  top  of  the  subgrade,  while  at  12  in. 

into  the  subgrade  the  CBR  was  first  32,  then  22.  After  site  U was  paved, 

a CBR  of  110  was  measured  on  top  of  the  base;  a CBR  of  32  was  measured 

on  top  of  the  subgrade;  and  a CBR  of  10  was  measured  12  in.  below  the 

subgrade  surface.  The  soil  water  content  and  dry  density  for  each  CBR 

test  location  in  the  first  two  series  of  testing  are  also  listed  in 

Table  9-  For  the  September  SAT  only  the  water  content  of  the  soil  is 

listed  since  the  gage  used  to  measure  the  dry  density  was  inoperative. 

77.  A disturbed  soil  sample  of  about  500  lb  was  collected  from 

the  subgrade  of  site  U and  returned  for  laboratory  testing.  Figure  19 

depicts  the  gradation  curve  of  this  sample.  The  soil  was  nonplastic 

3 

and  classified  as  SM  under  the  USCS.  The  laboratory  compaction  and 

CBR  data  for  the  site  U subgrade  material  determined  according  to  Stan- 

2 

dard  Military  Methods  100  and  101  are  presented  in  Figures  2^*a  and 
2^b.  Figure  2ha  represents  data  for  as-molded  unsoaked  soil  specimens. 
The  data  in  Figure  2Ub  are  for  specimens  tested  after  soaking. 

Site  5 


78.  Site  5 was  located  on  3N01  North,  one  of  the  secondary  roads 
intersecting  Cottonwood  Road.  This  was  a single-lane  road  with  an  ag- 
gregate surface  at  the  start  of  the  field  testing.  Figure  1 shows  the 
general  location  of  site  5 while  Figure  6 shows  the  plan  and  profile 
views  of  site  5- 

79-  The  aggregate  surface  of  3N01  North  had  some  slight  rutting 
at  the  beginning  of  the  test  period  which  intensified  as  the  traffic 
increased.  Around  the  end  of  the  summer,  3N01  North  was  scarified  and 
graded.  Then  two  different  dust-oil  applications  were  placed  on  the 
surface.  A more  detailed  discussion  of  the  oil  layer  application  is 
presented  earlier  in  this  report. 

80.  A summary  of  the  traffic  data  on  site  5 showing  the  weekly 
accumulative  vehicle  operations  is  presented  in  Table  Since  this 
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was  a one-lane  road.  Table  U includes  the  traffic  in  both  directions. 

The  final  accumulative  vehicle  count  on  site  5 included  2536  log  trucks, 
1051  medium  trucks,  and  5723  other  vehicles  for  a total  count  of  9310  ve- 
hicles. One  half  or  1268  of  the  log  trucks  were  loaded  while  the  other 
half  were  empty.  The  loaded  log  trucks  were  southbound  toward  Cotton- 
wood Road  while  the  empty  trucks  were  northbound. 

81.  The  cross-section  data  gathered  on  site  5 are  presented 
graphically  in  Figure  13.  Cross  sections  were  made  at  six  different 
operation  levels  at  each  station.  Figure  17  shows  the  profile  data  ob- 
tained on  the  interior  section  of  the  profile  line  No.  2.  These  pro- 
files indicate  that  the  site  5 roadway  had  a slope  of  about  U.O  percent 
downhill.  While  Figure  17  shows  only  a slight  change  in  the  profile 
elevations  from  one  traffic  level  to  another.  Figure  13  shows  that  there 
was  considerable  change  in  the  cross  sections  with  pronounced  rutting. 
This  rutting  increased  steadily  until  the  middle  of  the  testing  period. 

At  this  time  3N01  North  was  graded  and  oiled  causing  the  cross  sections 
to  be  relatively  smooth  again.  The  last  cross-section  measurements  show 
that  the  road  surface  was  getting  rough  again. 

82.  Before  the  initial  grading  on  site  5,  three  different  sets  of 
rut  depth  measurements  were  made  with  a 10-ft  straightedge.  These  mea- 
surements are  presented  in  Table  7 with  the  accompanying  testing  dates 
and  accumulative  traffic  operations.  Table  8 lists  the  rut  depths  as 
determined  from  the  cross-section  measurements. 

83.  Table  9 lists  the  results  from  the  SAT  on  site  5 along  with 
the  testing  dates  and  traffic  levels.  Initially  the  CBR  on  the  road 
surface  at  site  5 was  26  while  subsequent  testing  measured  CBR's  of  66, 
73,  and  52  on  the  surface.  Measured  values  for  the  CBR  at  the  top  of 
the  subgrade  were  13,  I8,  25,  and  23,  while  at  12  in.  into  the  subgrade 
CBR  values  of  11,  3.5,  7,  and  13  were  determined.  Table  9 also  lists 
the  water  content  and  dry  density  of  the  soil. 

8U.  Figure  20  shows  the  gradation  curve  and  Atterberg  limits  of 

a soil  sample  removed  from  the  subgrade  of  site  5-  "^he  classification 

3 

of  this  soil  was  determined  to  be  SM.  The  laboratory  compaction  and 
CBR  data  for  the  site  5 subgrade  material  are  given  in  Figure  25a  for 
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as-molded  unsoaked  samples  and  in  Figure  25b  for  soaked  samples. 

Site  6 

85.  This  site  was  situated  on  2N89,  an  unsurfaced  secondary  road 
that  intersected  Cottonwood  Road.  The  section  of  road  associated  with 
site  6 was  a three-rut  roadway  on  an  essentially  zero  cut  with  the 
loaded  log  trucks  traveling  south  toward  Cottonwood  and  the  empty  log 
trucks  traveling  north.  The  general  location  in  the  logging  area  of 
site  6 is  shown  in  Figure  1.  Figure  7 is  an  illustration  of  the  plan 
view  and  profile  view  of  site  6. 

86.  In  contrast  to  site  5 which  had  no  maintenance,  site  6 ex- 
perienced heavy  maintenance  throughout  the  testing  period.  This  main- 
tenance, consisting  primarily  of  grading  and  watering  the  road,  is 
described  in  detail  earlier  in  this  report. 

87.  The  week-by-week  accumulative  traffic  on  site  6 is  summarized 
in  Table  5 which  combines  the  traffic  in  both  directions  as  most  ve- 
hicles traveled  along  the  center  of  this  narrow  road.  The  vehicles 
moved  to  the  edge  of  the  road  only  when  encountering  traffic  in  the 
other  direction.  During  the  tests  there  were  15, ^^2  log  trucks  and 
12,296  other  vehicles  or  a total  of  27,738  vehicles  passing  over  site  6. 
Half  the  log  trucks  or  7,721  vehicles  were  loaded  while  the  other  half 
were  empty. 

88.  The  cross-section  data  from  site  6 are  depicted  in  Figure  lit 
while  profiles  along  the  interior  100  ft  of  profile  line  No.  1 are  pre- 
sented in  Figure  17.  The  profile  data  indicate  that  the  road  at  site  6 
sloped  downhill  at  a rate  of  about  3.0  percent.  The  cross-section  data 
in  Figure  lU  were  measured  on  three  different  days.  There  was  often 
considerable  change  in  the  elevation  of  any  given  point  from  one  day 

to  another  resulting  from  the  combination  of  traffic  and  maintenance. 

The  general  shape  of  the  cross  sections  remained  the  same  with  some 
noticeable  rutting.  Some  straightedge  measurements  to  determine  rut 
depths  were  made  during  the  testing  period,  but  insufficient  traffic 
between  maintenance  cycles  yielded  no  noticeable  change  in  rut  depths. 
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89.  A tabulation  of  the  SAT  results  is  listed  in  Table  9 along 
with  the  testing  dates  and  traffic  volume.  The  initial  testing  measured 
a CBR  of  25  on  the  road  surface  and  a CBR  of  20  12  in.  below  the  sur- 
face. A month  later  a CBR  of  9 was  measured  on  the  surface  and  a CBR 

of  12  was  measured  12  in.  below  the  surface.  No  SAT  was  performed  at 
the  end  of  the  field  tests  because  no  change  in  surface  deterioration 
could  be  measured.  The  water  content  and  dry  density  of  the  soil  for 
each  CBR  test  location  are  included  in  Table  9. 

90.  A 500-lb  disturbed  soil  sample  of  the  subgrade  from  site  6 
was  sent  to  WES  for  laboratory  testing.  The  gradation  curve  of  this 
sample  is  shown  in  Figure  21.  The  soil  was  nonplastic  and  was  classi- 
fied as  SM  according  to  the  USCS.^  Figures  26a  and  26b  present  the 

laboratory  compaction  and  CBR  data  for  the  site  6 subgrade  as  determined 

2 

according  to  Standard  Military  Methods  100  and  101.  The  CBR  data  in 
Figure  26a  are  for  specimens  tested  in  the  as-molded  unsoaked  condition 
and  the  data  in  Figure  26b  are  for  specimens  tested  after  soaking. 

Site  7 


91.  Site  7 was  the  only  test  site  not  in  the  log-hauling  area. 
This  site  was  located  on  Herring  Creek  Road,  which  was  a narrow  unsur- 
faced two-lane  road  about  20  miles  north  of  Cottonwood  Road.  The  plan 
and  profile  views  of  site  7 are  illustrated  in  Figure  8. 

92.  The  weekly  accumulative  vehicle  operations  on  site  7 are 
given  in  Table  6.  The  traffic  in  both  directions  are  combined  in  Ta- 
ble 6 as  the  middle  part  of  the  road  was  usually  traveled  by  vehicles 
going  in  either  direction.  By  the  end  of  the  testing  period  there  had 
been  a total  of  6791  vehicle  operations  on  site  7.  The  type  of  traffic 
on  site  7 consisted  primarily  of  either  light  recreational  vehicles  or 
light  FS  vehicles. 

93.  Since  this  site  was  not  selected  until  the  middle  of  the 
summer,  only  two  sets  of  cross-section  and  profile  data  were  collected. 
These  cross-section  data  are  shown  in  Figure  15  and  the  profile  data 
are  shown  in  Figure  17.  Only  one  profile  line  was  established  on  site  7 
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since  it  was  considered  that  one  profile  would  be  representative  of  the 
entire  road.  The  profile  data  in  Figure  17  show  that  site  7 was  graded 
about  two  weeks  after  the  initial  set  of  cross  sections  and  profiles 
were  made.  The  final  series  of  cross-section  and  profile  measurements 
‘ show  that  no  significant  deterioration  occurred. 

9^*  Table  9 gives  the  results  of  the  SAT  on  site  7*  Only  one 
SAT  set  was  conducted  on  site  7 occurring  at  the  beginning  of  the  ob- 
servation period  of  this  site.  The  CBR  on  the  surface  of  the  road  was 
52  and  the  CBR  12  in.  below  the  surface  was  13.  The  water  content  and 
^ dry  density  of  the  soil  are  included  in  Table  9*  Since  there  was  no 

apparent  change  in  the  road  surface  at  the  end  of  the  testing,  no  other 
SAT  was  conducted  on  site  7. 
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PART  IV : ANALYSIS 

Structural  Analysis 


Flexible  pavements 

95.  The  initial  step  in  analyzing  the  performance  of  the  roads 
in  the  test  sites  was  to  predict  the  amount  of  traffic  a particular 
road  should  nave  carried  using  the  present  Corps  of  Engineers  design 
criteria.  The  next  step  was  to  compare  this  predicted  failure  traffic 
level  with  the  actual  amount  of  traffic  during  the  testing  period.  For 
comparison  with  the  design  failure  level,  the  nximber  of  passes  of  the 
various  types  of  vehicles  using  the  roads  had  to  be  converted  to  an 
equivalent  number  of  passes  of  a single  loading  type.  For  the  flexible 
pavements  in  test  sites  1 through  U,  the  total  traffic  was  converted  to 
an  equivalent  number  of  standard,  18, 000-lb,  single-axle,  dual-wheel 
loads.  The  conversion  factors  used  to  convert  one  pass  of  a given  ve- 
hicle into  an  equivalent  number  of  l8-kip  axle  passes  were  taken  from 

"Revised  Method  of  Thickness  Design  for  Flexible  Highway  Pavements  at 

L 

Military  Installations,"  and  are  listed  in  Table  10. 

96.  To  obtain  these  conversion  factors  it  was  necessary  to  de- 
termine the  axle  loads  on  the  different  vehicles.  The  weight  of  the 
loaded  log  trucks  shown  in  Table  10  was  based  on  a sample  of  axle 
weights  made  at  a truck  weighing  station  on  Cottonwood  Road.  The  weights 
of  the  empty  log  trucks,  the  medium  trucks,  and  the  light  vehicles  were 
approximated  since  they  were  not  critical.  The  number  of  operations  of 
each  vehicle  type  was  then  multiplied  by  the  appropriate  conversion 
factor  as  shown  in  Table  11  to  obtain  the  total  equivalent  l8-kip  axle 
operations.  The  predicted  number  of  l8-kip  axle  operations  required  to 

produce  failure  were  calculated  using  the  Corps  of  Engineers  design 

U 

criteria.  The  calculations  were  based  on  the  pavement  structural 
properties  of  sites  1 through  U and  are  shown  in  Table  11. 

Unsurfaced  and  gravel  s\irfaced 

97.  In  analyzing  the  performance  of  the  unpaved  roads  in  the 
test  sites  all  traffic  operations  were  converted  into  an  equivalent 
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number  of  loaded  log-truck  tandem  axle  operations.  The  conversion  fac- 
tors for  the  unpaved  roads  were  calculated  using  Hammitt's  criteria^ 
and  ai’e  listed  in  Table  12.  The  total  equivalent  3^-kip  tandem  axle 
operations  listed  in  Table  13  were  calculated  by  multiplying  the  numoer 
of  operations  of  each  vehicle  type  by  the  appropriate  conversion  factor. 
The  number  of  3^-kip  tandem  axle  operations  to  failure  was  predicted 
based  on  the  Corps  of  Engineers  design  criteria^  and  the  pavement  struc- 
tural properties  as  shown  in  Table  13. 

Deterioration 

Rut  depth  analysis 

98.  The  only  significant  rut  depth  measirrements  made  during  the 
testing  period  were  at  site  5.  The  first  step  in  analyzing  the  rut 
depth  measurements  on  site  5 was  to  determine  if  the  rut  depths  in- 
creased with  traffic  as  expected.  From  the  straightedge  measurements 
of  Table  7»  it  was  noted  that  the  rut  depth  data  at  25  of  the  3^  mea- 
suring locations  showed  a consistent  increase  with  an  increase  in 
traffic.  The  data  from  the  other  nine  points  where  the  rut  depths  were 
measured  showed  the  rut  depth  either  remaining  constant  or  decreasing. 
The  data  indicated  there  was  a significant  increase  in  the  rut  depths 
with  traffic.  The  raeastirements  from  the  nine  places  showing  a constant 
or  decreasing  rut  depth  were  considered  erroneous  or  nontypical. 

99*  Of  the  remaining  25  locations,  ll|  places  had  rut  depth  mea- 
surements made  at  three  different  dates  while  11  places  were  measured 
on  two  dates.  The  data  from  these  25  locations  were  averaged  and  are 
listed  in  Table  l^i  along  with  the  testing  data  and  accumulative  traffic 
for  site  5-  In  addition  to  the  actual  traffic  on  site  5>  the  number  of 
equivalent  3^-kip  tandem  axles  that  this  traffic  represents,  calculated 
using  the  conversion  factors  of  Table  12,  are  also  given  in  Table  lU. 

The  data  from  Table  lU  were  then  plotted  as  rut  depth  versus  total  ve- 
hicle operations  in  Figure  27,  and  as  rut  aepth  versus  equivalent  3^*-kip 
tandem  eixle  operations  in  Figure  28.  Since  the  three  points  in  each 
figure  representing  the  average  rut  depth  for  the  lU  locations  measured 
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EQUIVALENT  34-KIP  TANDEM  AXLE  OPERATIONS 

Figure  28.  Rut  depth  versus  equivalent  3^-kip  tandem  axle 
operations  (straightedge  data) 

on  three  different  dates  are  approximately  on  a straight  line,  a linear 
regression  analysis  was  run  for  these  data.  The  resulting  best  fit 
lines  are  shown  in  Figures  27  and  28.  Since  the  linear  regression  line 
of  Figure  28  is  a closer  fit  than  the  line  of  Figure  27,  it  indicates 
that  the  plot  of  rut  depth  versus  equivalent  3^-kip  tandem  axle  is  a 
linear  relationship.  The  dashed  line  in  Figures  27  and  28  connects 
the  two  data  points  representing  the  average  rut  depth  for  all  25  loca- 
tions. This  line  was  then  extrapolated  to  zero  traffic  operations.  It 
approximately  parallels  the  best  fit  line  of  Figure  28  but  intersects 
the  best  fit  line  of  Figure  27. 
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100.  The  straightedge  data  from  Table  7 describe  the  rut  depth 
behavior  on  site  5 after  six  weeks  of  the  testing  period  had  elapsed. 

To  determine  the  rut  depth  versus  traffic  relationship  during  the  ini- 
tial six  weeks  the  rut  depth  data  from  Table  8 were  included  in  the 
analysis.  There  were  eight  points  in  Table  8 where  rut  depths  were 
estimated  from  the  cross-section  measurements;  six  of  these  eight  points 
showed  a consistent  increase  in  rut  depth  as  the  traffic  increased  for 
the  first  three  dates  listed.  A heavy  cycle  of  grading  occurred  between 
the  third  and  fourth  dates  making  the  rut  depths  very  small. 

101.  The  rut  depth  measurements  of  the  six  points  showing  an  in- 
crease were  then  averaged  for  each  of  the  first  three  dates  and  are  pre- 
sented in  Table  15  along  with  the  accumulative  traffic  data.  The  equi- 
valent 3^-kip  tandem  axle  operations  were  calculated  using  Table  12. 

From  the  data  of  Table  15 » a plot  of  rut  depth  versus  total  traffic  op- 
erations is  depicted  in  Figure  29  while  a plot  of  rut  depth  versus  equi- 
valent 3^-kip  tandem  axle  operations  is  presented  in  Figure  30.  Both 

of  these  figures  show  that  the  rut  depth  increased  at  a faster  rate 
during  the  initial  portion  of  testing  than  it  did  later. 

102.  In  a further  analysis  of  the  rut  depth  data,  the  straight- 
edge measurements  of  Table  7 and  the  cross-section  rut  depth  data  of 
Table  8 were  combined  as  shown  in  Table  l6  to  study  the  rut  depths  at 
both  of  the  wheel  path  locations  at  all  four  of  the  cross-section  sta- 
tions. As  stated  earlier  in  the  report,  there  appeared  to  be  a good 
correlation  between  the  two  methods  of  calculating  the  rut  depth.  For 
Table  l6  an  average  value  of  the  rut  depth  measurements  of  19  and 

20  June  is  given  as  well  as  the  average  accumulative  traffic  for  these 
two  dates. 

103.  Since  the  measured  rut  depth  in  the  east  wheel  path  at  sta- 
tion 0+25  showed  no  apparent  increase  between  19  to  20  June  and  27  July, 
l.hese  measurements  were  considered  erroneous  and  were  discarded.  A few 
oi  the  data  points  for  the  other  seven  locations  appeared  to  be  in  error 
and  were  therefore  adjusted.  These  adjustments  were  based  on  the  as- 
sumption that  from  19  June  to  27  July  the  average  rut  depths  varied 
linearly  with  the  number  of  equivalent  3^-kip  tandem  axle  operations 
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Figiire  29.  Rut  depth  versus  total  vehicle  operations 
y,  (cross-section  data) 
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EQUIVALENT  34-KIP  TANDEM  AXLE  OPERATIONS 


Figure  30.  Rut  depth  versus  equivalent  3^-kip  tandem  axle 
operations  (cross-section  data) 


shown  by  the  straightedge  measurements  of  Figure  28.  Linearly  inter- 
polated or  extrapolated  values  based  on  the  other  measurements  at  each 
location  were  substituted  for  the  measurements  that  appeared  to  be  er- 
roneous. No  adjustments  were  made  for  the  initial  measurements  of 
9 May.  The  rut  depth  values  were  then  averaged  for  all  seven  locations 
as  shown  in  Table  l6  and  plotted  in  Figure  31  as  rut  depth  versus  equi- 
valent 3^-kip  tandem  axle  operations.  A best  fit  line  by  a linear  re- 
gression analysis  is  shown  in  Figure  31.  This  best  fit  line  closely 
matches  the  best  fit  line  of  Figure  28  depicting  the  straightedge  data. 
The  dashed  curve  of  Figure  31  represents  the  estimated  rut  depth  during 
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EQUIVALENT  34-KIP  TANDEM  AXLE  OPERATIONS 

Figure  31.  Rut  depth  versus  equivalent  3^-kip  tandem  axle 
operations  (straightedge  and  cross-section  data) 


the  initial  six  weeks  of  the  testing  period. 

lOU.  The  only  means  available  to  determine  the  rut  depth  versus 
traffic  relationship  after  the  initial  maintenance  on  site  5 were  the 
rut  depths  calculated  from  the  cross-section  measurements.  As  can  be 
seen  in  Table  8,  cross-section  measurements  were  made  on  three  different 
dates  after  the  initial  grading  on  site  5 on  30  July.  The  calculated 
rut  depths  in  Table  8 for  these  three  dates  were  averaged  and  are  shown 
in  Table  IT,  along  with  the  traffic  data.  Included  in  Table  IT  are  the 
dates  of  the  principal  maintenance  on  site  5 as  well  as  the  traffic 
data  for  these  dates.  The  two  adjusted  traffic  columns  in  Table  IT  show 
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the  accumulative  traffic  on  site  5 since  the  last  grading  or  dust-oil 
application. 

105.  The  data  for  20  August  show  that  after  a relatively  small 
amount  of  traffic  on  site  5 following  the  initial  dust-oil  layer  the  rut 
depths  were  approximately  the  same  as  the  rut  depths  of  9 August  which 
were  measured  immediately  prior  to  the  dust-oil  application.  Based  on 
these  data  an  assumption  could  he  made  that  the  second  cycle  of  grading 
and  dust-oil  placement  reduced  the  average  rut  depth  to  about  the  same 
level  as  the  initial  grading  cycle  (about  0.15  in.).  The  average  rut 
depth  of  28  September  would  then  show  an  increase  of  0.25  in.  after 
1931  equivalent  3^-kip  tandem  axle  operations.  As  can  be  seen  in  Fig- 
ure 31,  only  210  equivalent  3^-kip  tandem-axle  operations  were  required 
to  result  in  a similar  0.25-in.  increase  on  site  5 before  the  two  dust- 
oil  layers  were  applied.  As  stated  earlier,  the  rut  depth  measurements 
from  the  cross-section  data  are  not  a highly  accurate  method  of  mea- 
suring small  rut  depths  such  as  those  on  site  5 following  the  dust-oil 
applications.  Nevertheless,  the  difference  in  the  deterioration  rate 
before  and  after  the  dust-oil  layers  was  large  enough  to  justify  the 
statement  that  the  dust  oil  substantially  reduced  the  rate  of  rut  depth 
increase  versus  traffic. 

106.  Another  method  of  measuring  the  deterioration  of  the  road 
surface  was  to  determine  the  change  in  the  elevations  of  the  cross- 
section  measurements.  For  site  5,  the  change  in  the  average  elevation 
of  the  interior  10  ft  of  the  four  cross-section  stations  was  selected 
to  gage  the  surface  deterioration.  Since  site  5 was  located  on  a 
narrow  one-lane  section  of  road,  the  interior  10  ft  of  the  roadway  es- 
sentially covered  the  entire  width  of  the  road  subjected  to  traffic. 

The  changes  in  elevation  from  the  initial  readings  of  9 May  are  listed 
in  Table  18  for  each  of  the  cross-section  stations  along  with  the  test- 
ing dates  and  accumulative  traffic  data.  This  table  shows  that  the  mean 
elevation  of  the  road  surface  at  site  5 underwent  a gradual  decrease 
during  the  testing  period.  During  the  first  half  of  the  testing,  this 
decrease  was  caused  by  the  traffic  while  during  the  latter  half  this 
decrease  in  elevation  was  caused  by  both  traffic  and  extensive  grading. 
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On  the  other  hand,  the  two  dust-oil  applications  should  have  partially  j 

offset  the  overall  surface  elevation  decrease.  i 

107-  Table  19  shows  the  change  in  the  mean  elevation  of  the  in-  ; j 

terior  l6  ft  of  the  four  cross-section  stations  on  site  6.  Like  site  5»  ' i 

; I 

the  mean  elevation  of  the  road  surface  at  site  6 was  also  decreased  . i 

I j 

during  the  testing  period.  Since  for  both  sites  5 and  6 this  decrease  i 

* 1 

in  elevation  was  caused  by  both  the  traffic  and  road  maintenance,  it  {i 

was  impossible  to  determine  a mathematical  relationship  of  the  change 
in  surface  elevation  versus  traffic. 

108.  As  another  indicator  of  the  surface  roughness  of  site  the 
cross-section  measurements  were  used  to  calculate  the  standard  deviation 
from  the  best  fit  line  through  each  cross  section.  These  calculated 
standard  deviations  (Table  20)  are  thus  a function  of  both  the  rut 
depths  and  overall  irregularity  of  the  cross  sections.  Table  20  shows 
that  the  road  surface  of  site  5 became  consistently  rougher  until  the 
initial  cycle  of  maintenance  of  5 to  9 August  reduced  the  surface  rough- 
ness to  almost  its  initial  level.  The  data  for  20  August  show  the  road 
surface  remaining  smooth  after  a small  amount  of  traffic  following  the 
initial  dust-oil  layer.  The  data  of  28  September  show  the  road  sur- 
face of  site  5 becoming  rough  again  after  a considerable  amount  of 
traffic  following  the  second  application  of  the  dust  oil. 

Denslfication  and  surface  loss 

109.  The  relationship  expressing  average  rut  depth  as  a function 
of  operations  is  shown  in  Figure  31  for  site  5-  The  mean  cross-section 
elevations  at  various  operation  levels  are  shown  in  Table  I8  for  site  5- 
An  inspection  of  Table  9 shows  the  base  and  subgrade  density  at  the 
various  operation  levels.  As  the  rut  depths  increased,  as  indicated 
in  Figure  31,  the  mean  elevation  of  the  cross  sections  decreased.  This 
is  an  indication  of  densif ication  of  materials  and  indicates  a need  for 
a review  of  the  density  values.  The  values  shown  in  Table  9 for  the 
aggregate-surfacing  density  on  site  5 indicate  an  increase  of  approxi- 
mately 5 percent  in  density.  Similar  inspection  of  the  density  values 
of  the  subgrade  shows  an  increase  of  approximately  33  percent  at  the 
surface  and  28  percent  at  a depth  of  12  in.  into  the  subgrade.  These 
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factors  indicate  that  although  some  surface  loss  occurred  as  a result  of 
vehicle  tire  action  at  the  surface,  as  observed  at  site  5,  the  primary 
cause  of  rutting  and  of  the  decrease  in  mean  cross-section  elevation  was 
densification  or  compaction  of  the  aggregate  surfacing  and  the  subgrade. 
The  small  increase  in  the  density  of  the  aggregate  surfacing  as  compared 
with  that  of  the  subgrade  shows  that  the  subgrade  sustained  most  of  the 
densification. 

110.  Figure  20  gives  a gradation  curve  for  the  SM  that  consti- 
tuted the  subgrade  at  site  5.  Figures  25a  and  25b  give  the  laboratory 
data  for  the  soil  at  site  5,  both  as-molded  and  soaked.  An  inspection 
of  the  moisture-density  relationships  in  Figures  25a  and  25b,  respec- 
tively, and  comparison  with  the  field  densities  for  the  subgrade  shown 
in  Table  9 indicates  that  the  as-constructed  densities  at  site  5 were 
less  than  those  obtained  in  the  laboratory  at  the  minimum  compactive 
effort.  It  is  therefore  concluded  that  the  low  initial  subgrade  densi- 
ties at  site  5 resulted  in  the  rutting  and  mean  loss  in  elevations  as 
the  road  was  subjected  to  traffic. 

111.  Since  visual  inspection  indicated  some  surface  loss  from 
the  roadway  and  since  site  5 was  located  in  a tangent  area,  it  is  be- 
lieved necessary  to  conduct  comparative  tests  in  a curved  area  to  de- 
termine what  additional  deterioration  would  occur  by  additional  possible 
surface  loss. 

112.  No  appreciable  rut  depths  or  decrease  in  mean  cross-section 
elevation  were  detected  for  the  remaining  test  sites. 

Profile  roughness  analysis 

113.  An  analysis  of  the  surface  roughness  of  the  seven  test  sites 
at  various  traffic  levels  was  conducted  using  the  profile  data  as  illus- 
trated in  Figures  l6  and  17.  The  Root-Mean-Square  elevation  (RMS)  was 
computed  for  each  profile.  Random  profiles  were  generated  that  repre- 
sent each  profile  (or  set  of  profile  elevations)  at  each  site.  From 
these  random  profiles  the  RMS  elevation  or  roughness  number  was  computed 

for  each  site  using  pertinent  portions  of  the  AMC-Tl  Ground  Mobility 

6 

Model.  The  roughness  numbers  of  the  profiles  are  given  in  Table  21. 
Relationships  of  roughness  numbers  as  a function  of  operations  for  each 


78 


ROUGHNESS  NUMBER 


79 


r 


of  the  other  site  profiles,  no  clear-cut  relationships  were  developed 
due  to  the  relatively  low  number  of  traffic  operations  on  the  respective 
sites.  Tables  11  and  13  give  a comparison  of  the  actual  operations  of 
vehicles  on  each  site  as  well  as  the  number  of  operations  required  for 
fail\ire.  This  comparison  shows  that  not  enough  traffic  passed  over  the 
test  sites  to  provide  sufficient  data  for  the  relationships  desired. 
However,  as  in  the  case  of  rut  depth  data  and  mean  cross-section  eleva- 
tion for  site  5,  the  RMS  data  for  site  5 show  an  increase  in  roughness 
of  the  surface  as  a function  of  operations  and  reflect  the  effect  of 
the  grading  operation  on  the  surface  roughness.  Figure  32  shows  that 
the  roughness  at  site  5 alternately  increased  as  a result  of  traffic 
and  decreased  as  a result  of  grading. 

llU.  The  significance  of  roughness  as  it  affects  vehicle  speed 
is  illustrated  in  Appendix  A.  Vehicle  speed  is  the  primary  parameter 
utilized  by  the  deterioration  analysis  module  shown.  Analysis  of  data 
collected  during  the  continuation  of  the  test  program  shown  is  expected 
to  produce  relationships  that  will  extend  throughout  the  life  of  the 
roads  where  sites  1 through  7 are  located,  and  thus  portray  the  loss  in 
serviceability  from  construction  to  failure. 

115.  In  August  1975 » WES  personnel  returned  to  the  Stanislaus 
testing  area  to  conduct  a general  inspection  of  the  test  sites  and  de- 
termine if  any  additional  maintenance  or  construction  had  been  performed, 
or  if  any  additional  deterioration  had  occurred.  Cross-section  and  pro- 
file measurements  were  taken  during  the  inspection  trip  on  all  seven 
test  sites. 

116.  The  four  test  sites  on  Cottonwood  Road  had  not  sustained 
significant  deterioration  nor  had  any  major  maintenance  been  performed 
on  this  road  since  September  197^* 

117.  A bituminous  surface  had  been  placed  on  both  sites  5 and  6 
since  197^-  The  surface  of  3N01  North,  which  includes  site  5»  showed 
extensive  bleeding  in  the  wheel  paths.  Site  5 was  still  undergoing 
daily  logging  traffic  that  waS  expected  to  continue  until  winter. 

118.  The  logging  traffic  on  site  6 on  2N89  had  ceased  in  the  fall 
of  197^*  Since  all  of  2N89  was  in  a burned  area,  site  6 had  practically 
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no  recreational  traffic.  Thus  there  was  very  little  traffic  on  site  6 
to  cause  deterioration. 

119.  Site  T»  located  on  Herring  Creek  Road,  was  still  having  a 
considerable  amount  of  recreational  traffic.  Some  deterioration  had 
occurred  since  site  T had  been  graded  last  in  the  spring  of  1975*  but 
the  site  was  not  close  to  failure. 
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PART  V:  RESULTS,  CONCLUSIONS,  AND  RECOMMENDATIONS 


Summary  of  Results 


•i  . 


120.  The  field  testing,  test  results,  and  an  analysis  of  the  re- 
sults presented  in  this  report  are  summarized  as  follows; 


a.  The  relatively  small  ri\!ar.tity  of  traffic  on  the  roads 
where  test  sites  were  located  and  the  short  duration  of 
testing  did  not  permiit  sufficient  traffic  operation  to 
provide  comprehensive  deterioration  relationships. 

b.  The  intense  log-hauling  operation  and  the  policy  of  ex- 

tensive and  frequent  road  maintenance  precluded  success- 
ful collection  of  data  in  an  environment  of  road  ' 

deterioration.  j 

£.  An  analysis  of  results  in  terms  of  rutting  and  roughness  ; 

as  related  to  traffic  operations  shows  that  tests  of  i 

this  nature,  on  a more  sustained  basis  and  under  more  i 

favorable  conditions,  will  provide  for  development  of  i 

tenable  and  comprehensive  deterioration  relationships  j 

that  extend  over  the  life  of  the  road. 

d.  Although  surface  loss  can  be  a contributing  factor  to 

rutting,  the  rutting  that  occurred  at  site  5 was  chiefly 
the  result  of  densification  in  the  subgrade  material. 

£.  The  roughness  as  depicted  by  rutting  versus  operation 
relationships  adequately  describes  the  functional  de- 
terioration of  all  sites  for  the  amount  of  traffic  shown 
and  can  be  successfully  extended  by  continuation  of  the 
test  program. 

Conclusions 


121.  Based  upon  this  study  and  its  results,  the  following  con- 
clusions are  considered  appropriate: 

a.  A sustained  deterioration  analysis  research  program 
similar  to  that  described  herein  will  provide  for  com- 
prehensive road  deterioration  relationships. 

b.  Rutting  and  roughness  are  a function,  in  part,  of  the 
traffic  operations  on  a road  and  can  be  utilized'  as 
descriptive  parameters  of  deterioration. 

£.  Continued  tests  of  the  type  described  herein  can  only  be 
successful  when  the  parties  involved  cooperate  to  en- 
sure a suitable  testing  environment  in  terms  of  roads. 
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traffic,  and  maintenance  practices. 

Road  deterioration  analysis  capabilities  developed  as  a 
result  of  tests  of  this  type  will  provide  a significant 
improvement  in  the  state  of  the  art  of  road  service- 
ability prediction,  road  maintenance  needs,  and  user 
maintenance  cost  assessments. 

Any  developments  in  road  deterioration  relationships 
must  be  in  terms  of  parameters  sufficient  to  accommodate 
certain  recognized  empirical  procedures  and  must  be 
expressed  in  terms  that  can  be  used  in  theoretical  or 
rational  design  concepts,  insofar  as  possible. 

£.  The  deterioration  analysis  concept  presented  in  Appen- 
dix A improves  the  capability  to  estimate  the  worth  of 
a road  ^nd  its  future  maintenance  needs. 

The  probability  of  improving  the  preliminary  relation- 
ships developed  and  utilizing  them  in  the  deterioration 
analysis  modules  to  improve  life  cycle  management  capa- 
bilities is  extremely  high. 


Rec  ommendations 


122.  In  view  of  the  tentative  relationships  developed  as  a result 
of  data  collected  during  a brief,  austere  test  program  and  in  v: ew  of  the 
successful  development  of  deterioration  analysis  capabilities,  the  fol- 
lowing recommendations  are  believed  warranted: 

&.  A pavement  deterioration  program  aimed  at  improving 

present  capabilities  in  beginning-to-end  design,  main- 
tenance, and  rehabilitation  of  roads  similar  to  the 
program  outlined  in  this  report  should  be  pursued  to 
the  greatest  extent  possible. 

b.  This  program  should  be  aimed  at  the  validation  of  the 
deterioration  analysis  module  in  Appendix  A and  the 
distortion  and  fatigue  models  currently  in  existence 
as  well  as  being  applicable  to  all  pavement  types  and 
capable  of  augmenting  other  pertinent  models. 

c_.  All  concerned  agencies  having  a need  to  improve  their 

capabilities  in  design,  maintenance,  rehabilitation,  and 
evaluation  of  roads  and  other  related  facilities  should 
consider  participation  in  such  a program. 
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Table  1 


Summary  of  Traffic  Data,  Sites  1 and  3* 
(Westbound  Lane,  Cottonwood  Road) 


Accumulative  Operations 


197*+  Date 

Log 

Mediiun 

Other 

Total 

From  To 

Trucks 

Trucks 

Vehicles 

Vehicles 

8 May  10  May 

820 

76 

30*+ 

1,200 

17  May 

2,192 

217 

l,0l+l 

3,1+50 

2h  May 

3,586 

360 

1,75*+ 

5,700 

31  May 

*+,733 

5*+3 

2,7*+9 

8,025 

7 Jun 

6,178 

763 

3, *+*+7 

10,388 

1*+  Jun 

7,373 

957 

*+,0l6 

12,31+6 

21  Jun 

8,913 

ll*+6 

5,081+ 

15,l*+3 

28  Jun 

10,53*+ 

1387 

6,223 

l8,ll+l+ 

5 Jul 

11,586 

1565 

7,071 

20,222 

12  Jul 

12,569 

17*+6 

8,080 

22,395 

19  Jul 

1*+,187 

2I+II 

9,185 

25,783 

26  Jul 

15,812 

3075 

10,029 

28,916 

2 Aug 

17, *+65 

3757 

10,7*+7 

31,969 

9 Aug 

19,109 

1+219 

11,929 

35,257 

l6  Aug 

20,697 

1+1+76 

12,997 

38,170 

23  Aug 

22,273 

*+659 

l*+,033 

*+0,965 

30  Aug 

23,910 

1+838 

1*+,919 

*+3,667 

6 Sep 

25,280 

5077 

15,558 

*+5,915 

13  Sep 

26,81+7 

5269 

16,195 

*+8,311 

20  Sep 

28,272 

5379 

17,l6l 

50,812 

27  Sep 

29,661 

5*+90 

17,951 

53,102 

* Although  traffic 

on  sites  1, 

2,  and  3 was 

registered  on 

the  same 

coiinter,  site  2 traffic  data  ’ 

were  adjusted 

for  local  conditions  and 

are  presented  in 

Table  2 ( see 

paragraphs  3*+ 

and  6l  in  the 

main  text ) . 

Table  3 

Summary  of  Traffic  Data,  Site  k 
(Westbound  Lane,  Cottonwood  Road) 


Accumulative 

Operations 

197^+  Date 
From  To 

Log 

Trucks 

Medium 

Trucks 

Other 

Vehicles 

Total 

Vehicles 

8 May  10  May 

656 

61 

2k3 

960 

17  May 

1,75U 

169 

766 

2,689 

2k  May 

2,869 

278 

1,258 

1*, It  05 

31  May 

3,786 

1+18 

1,975 

6,179 

7 Jun 

k,9k2 

59U 

2,i*59 

7,995 

lU  Jun 

5,898 

7LL 

2,818 

9,1*60 

21  Jun 

7,130 

883 

3,591 

11,601* 

28  Jun 

8,Ll6 

1070 

it,  382 

13,868 

5 Jul 

9,223 

1190 

L,938 

15,351 

12  Jul 

9,981 

1316 

5,61+0 

16,937 

19  Jul 

11,236 

1833 

6,390 

19,lt59 

26  Jul 

12,U93 

23U5 

6,90l* 

21,71*2 

2 Aug 

13,757 

2868 

7,330 

23,955 

9 Aug 

15,0L0 

322L 

8,103 

26,367 

l6  Aug 

16,302 

34i8 

8,813 

28,533 

23  Aug 

17, 53^^ 

3550 

9,506 

30,590 

30  Aug 

18,765 

3662 

10,112 

32,539 

6 Sep 

19,7L2 

3820 

10,1*76 

3l*,038 

13  Sep 

20,8k9 

3920 

10,890 

35,659 

20  Sep 

21,803 

395I+ 

11,576 

37,333 

27  Sep 

22,71L 

3975 

12,083 

38,772 

Table  1 

Summary  of  Traffic  Data,  Site  5 
(Both  Directions,  3N01  North) 


Accumvilative  Operations 


Medium 

Trucks 


Log 

Trucks 


Other 

Vehicles 


Total 

Vehicles 


Table  5 


Summary  of  Traffic  Data,  Site 
(Both  Directions,  2N89) 

_6 

Accumulative  Operations 

191k  Date 

Log 

Medium 

Other 

Total 

From  To 

Trucks 

Trucks 

Vehicles 

Vehicles 

22  Jun  28  Jun 

h^6 

— 

Ul*5 

901 

5 Jul 

773 

— 

752 

1,525 

12  Jul 

1,062 

— 

1,118 

2,180 

19  Jul 

1,726 

— 

1,763 

3,1489 

26  Jul 

3,118 

— 

3,060 

6,178 

2 Aug 

k,k91 

— 

L,360 

8,857 

9 Aug 

5,572 

— 

5,397 

10,969 

l6  Aug 

6,686 

— 

6,511 

13,197 

23  Aug 

8,013 

— 

7,79i* 

15,807 

30  Aug 

9,k31 

— 

9,179 

18,630 

6 Sep 

10,780 

— 

9,926 

20,706 

13  Sep 

12,U38 

— 

10,791 

23,229 

20  Sep 

lU,028 

— 

11,615 

25,6L3 

27  Sep 

13,kk2 

— 

12,296 

27,738 

Table  6 

Summary  of  Traffic  Data,  Site  T 
(Both  Directions,  Herring  Creek  Road ) 


197^  Date 


Accumulative 
Operations* 
Total 
Vehicles 


2 Aug 

9 Aug 
l6  Aug 
23  Aug 
30  Aug 

6 Sep 
13  Sep 
20  Sep 
27  Sep 


Site  7 was  not  in  the  log-haul  area  and 
received  traffic  consisting  primarily  of 
either  light  recreational  or  light  FS  vehicles 
(see  paragraphs  91,  92,  and  93  in  the  main 
text ) . 


Table  8 


Site  3 Rut  Depths,  Cross-Section  Measiirements 


Accumulative  Operations Rut  Depths,  in. 


197U 

Date 

Wheel 

Path 

Log 

Trucks 

Medium 

Trucks 

Light 

Vehicles 

Total 

Vehicles 

Sta 

0+25 

Sta 

0+75 

Sta 

1+25 

Sta 

1+75 

9 May 

East 

0 

0 

0 

0 

0.66 

0.88 

0.60 

0.30 

19  Jun 

East 

0 

80 

1108 

1188 

1.06 

0.1*2 

0.66 

0.1*0 

23  Jul 

East 

326 

266 

2606 

3198 

1.25 

2.11 

1.32 

O.3I* 

9 Aug 

East 

618 

378 

3598 

l*59i* 

0.00 

0.32 

0.06 

0.06 

20  Aug 

East 

6h6 

h2k 

1*137 

5207 

0.20 

0.00 

0.06 

0.12 

28  Sep 

East 

2536 

1051 

5723 

9310 

0.31+ 

0.62 

0.2I* 

O.2I* 

9 May 

West 

0 

0 

0 

0 

0.1*6 

0.1+0 

1.00 

0.56 

19  Jun 

West 

0 

80 

1108 

1188 

1.03 

0.82 

1.58 

1.18 

23  Jul 

West 

326 

266 

2606 

3198 

1.1*6 

1.08 

1.73 

1.68 

9 Aug 

West 

618 

378 

3598 

l+59i* 

0.28 

0.17 

0.18 

O.2I* 

20  Aug 

West 

61*6 

1*21* 

1+137 

5207 

0.21* 

0.32 

0.06 

0.12 

28  Sep 

West 

2536 

1051 

5723 

9310 

0.81* 

O.2I* 

0.36 

0.36 
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Table  10 

Conversion  Factors  for  Flexible  Pavements 


Vehicle  Type 

Load 

Conversion 

Factor 

Loaded  log  truck  cab 

8,000-lb 

single 

axle 

0.03 

Loaded  log  truck  cab 

3I+,  000-lb 

tandem 

axle 

U.3 

Loaded  log  truck  trailer 

3i*,  000-lb 

tandem 

axle 

Entire  loaded  log  truck 

8.63 

Empty  log  truck 

8,000-lb 

single 

axle 

0.03 

Empty  log  truck 

IT, 000-lb 

tandem 

axle 

0.38 

Entire  empty  log  truck 

0.21 

Medium  truck 

5,500-lb 

single 

axle 

0.007 

Medium  truck 

15,000-lb 

tandem 

axle 

0.10 

Medium  truck  trailer 

15,000-lb 

tandem 

axle 

0.10 

Entire  medium  truck 

0.207 

Light  vehicle 

2,000-lb 

single 

axle 

0.0005 

Light  vehicle 

2,000-lb 

single 

axle 

0.0005 

Entire  light  vehicle 
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Table  12 

Conversion  Factors  for  Unsurfaced  and  Gravel  Surfaced  Roads 


Vehicle  Type 

Load 

Conversion 

Factor 

Loaded  log  truck  cab 

8,000-lb 

single 

axle 

0.223 

Loaded  log  truck  cab 

3U, 000-lb 

tandem 

ajcle 

1.0 

Loaded  log  truck  trailer 

34, 000-lb 

tandem 

axle 

1.0 

Entire  loaded  log  truck 

2.223 

Empty  log  truck 

8,000-lb 

single 

axle 

0.223 

Empty  log  truck 

IT, 000-lb 

tandem 

axle 

0.322 

Entire  empty  log  truck 

0.545 

Medium  truck 

5,500-lb 

single 

axle 

0.046 

Mediiom  truck 

15,000-lb 

tandem 

axle 

0.085 

Medium  truck  trailer 

15,000-lb 

tandem 

axle 

0.085 

Entire  medium  truck 

0.216 

Light  vehicle 

2,000-lb 

single 

axle 

0.00058 

Light  vehicle 

2,000-lb 

single 

axle 

0.00058 

Entire  light  vehicle 

0.00116 

Table  13 

Comparison  of  Predicted  3^-Kip  Failure  Operations 
with  Vehicle  Operations  During  Testing  Period 
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Table  lU 

Site  ^ Traffic  Data  and  Rut  Depths  from 
Straightedge  Measurements 


Vehicle  Type 

20  Jun  197^ 

11  Jul  1974 

27  Jul  197^ 

Loaded  log  trucks 

0.0 

82.0 

196.0 

Empty  log  trucks 

0.0 

82.0 

196.0 

Medium  trucks 

82.0 

194.0 

292.0 

Light  vehicles 

1151.0 

2004.0 

2833.0 

Total  vehicles 

1233.0 

2362.0 

3517.0 

Equivalent  34-kip 

tandem  axle  operations 

19.0 

271.2 

608.9 

Average  rut  depth,  in. 
(l4  points) 

0.89 

1.18 

1.59 

Average  rut  depth,  in. 
(ll  points) 



1.43 

1.87 

Average  rut  depth,  in. 
(25  points) 

1.29 

1.72 

Table  15 

Site  5 Traffic  Data  and  Rut  Depths  from 


Cross-Section  Measurements 


Vehicle  Type 

9 May  197^ 

19  Jun  I97I+ 

23  Jul  197I+ 

Loaded  log  trucks 

0.0 

0.0 

163.0 

Empty  log  trucks 

0.0 

0.0 

163.0 

Medium  trucks 

0.0 

80.0 

266.0 

Light  vehicles 

0.0 

1108.0 

2606.0 

Total  vehicles 

0.0 

1188.0 

3198.0 

Equivalent  34-kip 

tandem  axle  operations 

0.0 

18.6 

511.6 

Average  rut  depth,  in. 

0.61 

1.06 

1.42 
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Table  IT 

Site  ^ Rut  Depths  After  Maintenance 
From  Cross-Section  Measurements 


Rut  Depth,  in. 
East  West 
Wheel  Wheel 


Total  Vehicle 
Operations 


Equivalent  3^-kip 
Tandem  Axle 
Operations 


Date 

Path  Path 

Average 

Actual 

Ad.lusted 

Actual 

Ad.lusted 

5-9  Aug 

Grading  and  scarifying* 

— 

— 

— 

— 

9 Aug 

0.11  0.22 

0.l6 

0 

941.1 

0 

10  Aug 

Grading  and 
layer* 

dust-oil 

4633 

0 

944.6 

0 

20  Aug 

0.10  0.19 

O.lU 

5207 

574 

990.4 

45.8 

7 Sep 

Grading  and 
layer* 

dust-oil 

6794 

0 

1812.2 

0 

28  Sep 

0.36  0.i*5 

O.itO 

9310 

2516 

3743.5 

1931.3 

* Surface-altering  maintenance  operations. 


Table  l8 

Change  in  Mean  Elevation  of  Cross-Section 
Measurements,  Site  ^ 


Change  in  Mean  Elevation,  ft 


Equivalent 

All 

, 

34-kip 

Four 

1 1974 

Total 

Tandem  Axle 

Sta 

Sta 

Sta 

Sta 

Sta- 

Date 

Vehicles 

Operations 

0+25 

0+75 

1+25 

1+75 

tions 

9 May 

0 

0 

0.000 

0.000 

0.000 

0.000 

0.000 

19  Jun 

1188 

18.6 

+0.010 

-0.011 

+0.025 

+0.055 

+0.020 

i 23  Jul 

3198 

511.6 

-0,028 

-0.051 

-0.051 

-0.015 

-0.036 

5-8  Aug* 

Grading  and  scarifying** 

9 Aug 

4594 

94i.1 

-0.040 

-0.089 

-0.087 

-0.049 

-0.066 

i 10  Aug 

4633 

944.6 

Grading  and 

dust-oil  layer** 

20  Aug 

5207 

990.4 

-0.071 

-0.114 

-0.112 

-0.077 

-0.093 

7 Sep 

6794 

1812.2 

Grading  and 

dust-oil  layer** 

i,.  28  Sep 

9310 

3743.5 

-0.080 

-0.191 

-0.093 

+0.024 

-0.085 

* Data  not  taken  or  rendered  meaningless  by  maintenance  operation. 

**  Surface-altering  maintenance  operations. 


Table  19 


Change  in  Mean  Elevation  of  Cross-Section 
Measiirements . Site  6 


Change  in 

Mean  Elevation,  ft 

Equivalent 

All 

3^-kip 

Four 

19lh 

Total 

Tandem  Axle 

Sta 

Sta 

Sta 

Sta 

Sta- 

Date 

Vehicles 

Operations 

0+25 

0+75 

1+25 

1+75 

tions 

21  Jun 

0 

0 

0.000 

0.000 

0.000 

0.000 

0.000 

26  Jul 

6,178 

U,372 

-0.101 

-0.033 

-0,001 

+0.033 

-0.026 

27  Sep 

26,536 

20,1+51 

-0.121+ 

-0.053 

-0.076 

+0.001 

-0.063 

Table  20 

Standard  Deviations  of  Cross-Section 

Measurements , 

Site  5 

I97I+ 

Date 

Total 

Vehicles 

Opera- 

tions 

Equivalent 
3l+-kip 
Tandem  Axle 
Operations 

Standard  Deviation,  ft 

Sta 

0+25 

Sta 

0+75 

Sta 

1+25 

Sta 

1+75 

Aver- 
age of 
All 
Four 
Sta- 
tions 

9 May 

0 

0 

0.023 

0.023 

0.031 

0.018 

O.O2I+ 

19  Jun 

1188 

18.6 

0.039 

0.020 

0.039 

0.029 

0.032 

23  Jul 

3198 

511.6 

O.0I+8 

0.058 

0.053 

0.0I+5 

0.051 

5-8  Aug* 

Grading 

and  scarifying** 

9 Aug 

1+591* 

9I+I.I 

o.oi+o 

0.012 

0.026 

o.oi+o 

0.030 

10  Aug 

1+633 

9I+I+.6 

Grading  and  dust -oil 

. layer** 

20  Aug 

5207 

990.1+ 

O.O3I+ 

0.18 

0.27 

0.030 

0.027 

7 Sep 

6791* 

1812.2 

Grading  and  dust -oil 

layer** 

28  Sep 

9310 

37I+3.5 

0.039 

0.060 

0.033 

0.035 

O.OI+2 

* Data  not  taken  or  rendered  meaningless  by  maintenance  operation. 
**  Surface-altering  maintenance  operations. 


Table  21 


Profile  Roughness  Numbers  (RMS) 


197^  Roughness  No. 


- Site 

Date 

Profile  1 

Profile  2 

1 

7 May 

0.138 

O.I3I* 

19  Jun 

0.126 

0.125 

2h  Sep 

0.167 

0.193 

2 

7 May 

0.133 

0.091 

19  Jun 

0.131 

0.107 

23  Jul 

0.133 

0.112 

2k  Sep 

0.119 

0.112 

3 

8 May 

0.232 

0.130 

2k  Sep 

0.160 

0.169 

U 

8 May 

0.1*12 

0.358 

23  Jun 

0.1+52 

O.3I+I* 

2k  Sep 

0.651 

0.31*1* 

5 

9 May 

0.209 

0.229 

19  Jun 

0.195 

0.220 

23  Jul 

0.222 

0.203 

9 Aug 

0.122 

0.162 

28  Sep 

0,231* 

0.282 

6 

21  Jun 

0.218 

0.279 

27  Sep 

0.226 

0.236 

7 

25  Jul 

0.250 

27  Sep 

0.288 

* Only  one  profile  taken  (see  paragraph  UO  in  the  main 
text ) . 


Photo  2.  Test  site  1 after  asphalt  overlay 


r . 

mimm 

; i 

1 

Photo  5.  Test  site  3 after  place' 
merit  of  aggregate  "base 


Photo  6.  Test  site  3 after  placement  of 
asphalt  surface 


Photo  9»  Exposed  cross  section  at  site  5 showing 
depth  of  aggregate  svirface  course 


Photo  10.  Deterioration  of  dust-oil  layer  on  site  5 
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Photo  12.  General  view  of  test  site  7 


Photo  13.  Failure  of  flexible 
pavement  on  Cottonwood  Road 


Photo  lU.  Failure  of  flexible  pavement  on 
Cottonwood  Road 


Photo  15.  Motor  grader  performing  maintenance  on  2N89 


Photo  16.  Water  truck  at  site  5 on  2N89 
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Photo  22 


ADJUSTMENT  BAR 


lULUCTOfi, 
ASSEMBLY  I 


CHARGER 


Photo  27*  Components  of  WES  nuclear  density  device 


Photo  26.  CBR  test 

setup  for  SAT 

SCALER  UNIT 

TAU  PROBE 
DENSITY  GAGE 
iSSEMBLY 

Photo  28.  Assembled  WES  nuclear 
density  device 


Photo  29.  Components  of  Troxler  nuclear 
density  device 


APPENDIX  A:  DETERIORATION  ANALYSIS  MODULE 


General 


1.  The  Deterioration  Analysis  Module  is  presented  as  the  sixth 

module  of  the  VRCAMS  discussed  earlier  in  this  report.  Barber  and 

7* 

Murphy  give  a complete  description  of  the  VRCAMS  along  with  the  com- 
puter programs.  The  VRCAMS  consists  basically  of  two  distinct  computer 
programs  referred  to  as  SPEED  and  ROAD  I.  The  Deterioration  Analysis 
Module  (dm)  is  the  fourth  overlay  (OVRL  h)  of  the  ROAD  I program  and  can 
be  utilized  in  conjunction  with  ROAD  I or  as  a separate  program.  The 
entire  analysis  system  (VRCAMS),  including  the  DM  (OVRL  h) , is  written 
in  time-sharing  FORTRAN  IV  language  for  the  WES  GE  600  computer  system. 
Programs  SPEED,  ROAD  I,  and  OVRL  U are  designed  for  remote  access  and 
execution  from  a teletype  terminal.  All  input  and  output  can  be  sent 
and  received  remotely  through  the  terminal. 

Deterioration  Analysis  Module 

2.  The  DM  is  a computational  tool  designed  to  show  the  effects  of 
road  deterioration  on  the  capability  of  that  road  to  accommodate  traf- 
fic. The  DM  utilizes  the  vehicle  speed  and  its  change  as  a function  of 
traffic  operations  to  show  a decrease  in  traffic  volume  at  capacity  and 
at  a maximum  service  level  as  a function  of  traffic  operations  and  time, 
respectively. 

Deterioration  relationship 

3.  The  purpose  of  this  report  has  been  to  show  the  results  and 
analyses  of  tests  instriimented  in  the  deterioration  relationships.  The 
tests  indicated  that  deterioration  relationships  can  be  developed  de- 
spite inadequate  time  during  this  study  to  attain  the  necessary  volume 
of  data.  The  specific  relationships  to  be  developed  are  expected  to 

be  in  terms  of  roughness  increase  as  a function  of  road  use  and  other 

* Raised  numbers  refer  to  similarly  numbered  items  in  the  References 
at  the  end  of  the  main  text. 
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governing  conditions.  Upon  development  of  such  relationships  in  terms 
suitable  for  use  in  the  DM,  the  roughness  parameter  can  be  successfully 
related  to  vehicle  speed.  Since  vehicle  speed  is  the  primary  input 
parameter  of  the  VRCAMS  and  is  the  parameter  upon  which  computations 
are  based,  a relationship  that  shows  speed  change  as  a function  of 
operations  will  constitute  a satisfactory  deterioration  relationship  or 
family  of  relationships. 

Tentative  relationship 

U.  In  view  of  the  fact  that  data  reflected  in  this  report  did  not 
provide  for  comprehensive  development  of  deterioration  relationships, 
and  since  further  development  of  the  relationships  appears  feasible  in 
the  near  future,  a hypothetical  relationship  is  utilized  herein  that 
will  be  replaced  by  actual  relationships.  The  hypothetical  deteriora- 
tion relationship  used  in  development  of  the  DM  is  a linear  relation- 
ship that  expresses  the  deterioration  in  vehicle  speed,  which  is  a 
result  of  roughness  increase,  as  a function  of  vehicle  operations. 
According  to  Corps  of  Engineers  criteria,  the  road  has  reached  or  is  ap- 
proaching failure  when  this  linear  relationship  indicates  that  the 
maximum  running  speed  has  deteriorated  to  a value  equivalent  to  the 
speed  at  capacity.  The  relationship  is  shown  in  Figure  Al.  The 
value  (running  speed)  as  well  as  a correlating  (optimum  speed) 

is  shown.  This  hypothetical  relationship  is  assumed  in  contrast  to  the 
philosophy  that  a road  maintains  constant  capability  up  to  the  time  of 
failure . 

Effects  of  hypothetical  relationship 

5.  The  primary  observation  made  in  the  use  of  a hypothetical, 
linear  deterioration  relationship  has  been  that  more  accurate  output  is 
obtained  where  the  road  capability  is  determined  after  considerable  use 
and  time  have  transpired.  This  observation  suggests  that  if  a hypothet- 
ical relationship  developed  in  a manner  that  simulates  real-life  cir- 
cumstances can  improve  determination  of  vehicle/road  compatibility, 
then  any  deterioration  relationship  developed  from  appropriate  data 
will  significantly  advance  the  capability  to  portray  the  value  of  a 
road.  It  then  follows  that  quantitative  decisions  can  be  made  as  to 
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Figure  Al.  Hypothetical  relationship  of  vehicle  speed  versus 

vehicle  operations 


maintenance  and  repair  needs.  This  constitutes  the  basis  of  quantita- 
tive, effective,  life-cycle  management. 

OVRL  U 


6.  The  purpose  of  OVRL  U,  or  the  DM,  has  been  stated  as  the 
computation  of  traffic  volume,  traffic  capacity,  and  speed  reduction 
at  any  point  in  the  life  of  a road  from  initial  use  to  a point  of 
predetermined  minimum  acceptable  speed.  The  module  can  be  used  for 
computations  whenever  a deterioration  relationship  in  terms  of  speed 
and  traffic  operations  exists.  The  hypothetical  relationship  illus- 
trated herein  can  be  used  for  a reasonable  approximation  of  the  effects 
of  deterioration. 

7.  The  following  paragraphs  give  a detailed  discussion  of  the 
module,  the  relationships  used,  and  their  function  in  the  module.  Fig- 
ure A2  gives  a view  of  the  module  relational  diagram.  Each  block  in 
the  figure  has  an  alphanumeric  descriptor  that  corresponds  to  the  de- 
scriptions used  in  the  following  paragraphs. 

Details  of  the  module 

8.  Blocks  6a  and  6b.  Upon  completion  of  program  ROAD  I,  the 
option  is  exercised  as  to  whether  to  compute  the  effects  of  deteriora- 
tion on  the  output  parameters  of  the  VRCAMS.  The  program  is  stopped 
(Block  6B)  if  the  option  not  to  compute  deterioration  effects  is  exer- 
cised (Block  6a).  If  the  option  to  compute  deterioration  effects  is 
exercised,  then  the  program  proceeds. 

9.  Block  6C.  Block  6C  gives  the  input  data  that  are  required  for 
the  deterioration  module.  The  input  values  are  accessed  from  the  ROAD  I 
program  output  listing  and  are  described  as  follows: 

V*  = Volume  in  vehicles  per  day  at  running  speed 
C*  = The  capacity  of  the  road  in  vehicles  per  day 

= Maximum  speed  at  which  a vehicle  can  travel  over  a given 
length  of  road 

Sqpp  = Speed  at  which  capacity  is  achieved 

Dqpt  = Optimum  density,  vehicles  per  mile 

AU 
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Figure  A2.  Deterioration  analysis  module  of  VRCAMS 


NPF  = Number  of  vehicle  passes  to  failiure 

SLOW  = Minimum  speed  at  which  vehicles  are  permitted  to  operate 
(e.g.,  a minimum  value  of  Spyjj) 

10.  Block  6D.  Block  6D  provides  for  the  computation  of  any  den- 
sity in  vehicles  per  mile  that  corresponds  to  a volme  of  vehicles 

A5 


I 


moving  at  a given  speed.  Specifically,  two  equations  are  provided  to 

compute  the  density  corresponding  with  the  value  of  V* 

rj 

and  S_,,,,  or  C*  and  , respectively,  as  follows: 

RUN  N OPT 


V* 

Dy  = :t-2-  (A1) 

^ ^RUN 

n 


C» 

n 

n 

^OPT 

n 


(A2) 


11.  Block  6E.  Block  6E  is  an  instructional  statement  that  pro- 
vides for  subscripting  each  input  parameter  in  Block  6C  as  the  first  of 
n values  for  that  parameter. 

12.  Block  6F.  Block  6F  provides  for  the  selection  of  step  size 

and  for  the  sequential  selection  of  speeds  at  which  new  parameter  values 

will  be  computed  as  the  road  deteriorates  and  the  speed  is  reduced. 

Equation  A3  shows  that  each  n^'^  value  of  S will  be  taken  at  1-mph 

nUJ)J 

intervals.  That  is,  when  the  road  deteriorates  such  that  the  running 

speed  has  been  reduced  by  1 mph,  then  the  new  corresponding 

nUi'i 

values  of  the  key  parameters  will  be  calculated. 


®RUN  " ^RUN  “ ^ 
n+1  n 


(A3) 


for  all  values  of  to  SLOW  . 

RUN^ 

13.  Block  6G.  Block  6G  provides  for  determination  of  a corre- 
sponding for  each  S„.,„  . This  is  determined  from  a relation- 

UPln  RUNji  Y 

ship  that  is  a part  of  the  VRCAMS  program  ROAD  I. 

14.  Block  6H.  This  block  shows  the  relationship  for  computation 

of  a new  corresponding  traffic  volume  V*  for  each  n^^  value  of  S„,„, 
and  its  corresponding  . 


15.  Block  6l.  Here  the  relationship  is  given  for  the  computation 


of  each  new  value  of  the  capacity  of  the  road  C#  that  corresponds  to 

t h ^ 

each  n value  of  and 

n ^n 


= 

n 


OPT 
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l6.  Block  6J.  Block  6J  gives  a relationship  for  computation  of 
a probabilistic  traffic  volume  less  than  capacity  (Vp)  that  is  to  be 
utilized  in  cases  where  projected  road  use  is  less  than  capacity  but  a 
higher  value  than  that  achieved  at  the  maximum  attainable  speed.  This 
value  is  necessary  for  use  in  planning  pxorposes  since  the  capacity  situa- 
tion will  not  occur  at  all  times,  and  the  user  will  require  this  prob- 
abilistic value  for  planning  purposes.  The  equation  for  the  probable 
volume  on  a road  where  traffic  use  has  not  been  determined  is  as  follows : 


Vp  = 0.66TC*  + 0.333V*  (a6) 

n n n 


where  the  constants  shown  are  weighting  functions  that  provide  for  an 
estimate  nearer  to  capacity. 

IT.  Block  6K.  Block  6K  provides  the  key  relationship  for  this 
module.  It  is  in  this  block  that  the  current  hypothetical  deterioration 
relationship  is  expressed  and  where  future  validated  relationships  will 
be  shown.  Although  the  relationship  shown  represents  a linear  function, 
it  is  expected  that  regression  techniques  will  be  utilized  to  develop 
relationships  that  realistically  represent  actual  data.  Based  upon  the 
assumption  of  a linear  deterioration  in  the  speed  value  as  a function 
of  vehicle  operations,  the  deterioration  relationship  is  expressed  as 
follows : 


AT 


where 


NP  = the  mamber  of  vehicle  passes  that  have  transpired  at  the 

time  the  road  has  deteriorated  to  the  value  of  . 

18.  Block  6l.  This  block  accomplishes  the  listing  of  the  para- 

meters computed  in  the  previously  described  relationships.  The  values 
listed  are  the  respective  values  corresponding  to  each  n running 
speed  that  was  selected.  They  are,  respectively,  , V*  , 

VP  , C»  , and  NP  . 

19.  Block  6m.  If  desired,  the  listing  for  vehicle  speed  in  terms 

of  Spyjj  or  can  be  plotted  as  a function  of  vehicle  passes  over 

a road.  The  plot  is  represented  in  Block  6m  of  Figure  A2.  Figure  A2 
gives  the  result  of  the  plot  of  the  values  used  in  the  example  problem 
that  will  be  discussed  in  following  paragraphs. 

20.  Block  6n.  This  block  provides  for  the  plotting  of  the  var- 
ious volumes  (e.g. , C*  , VP  , and  V^)  as  a function  of  vehicle 
passes.  While  Block  6n  of  Fig\ire  A2  gives  an  illustration.  Figure  A3 
gives  the  results  in  graphic  form  of  the  values  obtained  from  the  ex- 
ample problem.  Plotting  tabular  data  in  this  form  can  give  the  road 
user  a clearer  understanding  of  the  attrition  in  the  traffic  volumes  as 
a fiuiction  of  traffic  passes. 

21.  Blocks  6p,  6q,  and  6r.  The  deterioration  module  to  this 
point  has  provided  for  the  computation  of  traffic  volume  and  its  change 
as  a function  of  vehicle  passes  accumulated  on  the  road  in  question. 
Certain  needs  of  potential  program  users,  specifically  in  the  area  of 
military  planning,  could  dictate  the  need  to  know  the  extent  of  road 
deterioration  and  volume  reduction  in  terms  of  time.  The  relationships, 
plotted  as  shown  in  Figure  A3,  indicate  that  through  the  deterioration 
rate,  traffic  volume  is  a function  of  the  number  of  passes.  Since 
traffic  volume  itself  is  a rate  in  terms  of  vehicles  per  day,  it  is 
possible  to  determine  the  days  required  to  accumulate  the  various  num- 
bers of  passes  (NP)  over  the  road.  It  is  then  possible  to  develop  a 

set  of  equations  that  reflect  the  traffic  volumes  CJt  , VP  , and  V* 

N N 

as  a function  of  time.  The  following  equations  are  expressions  for  this 
purpose. 
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Figure  A3.  Traffic 


days  C»  = 


2(NP  - NP^  T ) 
n n-1 


n-1  n 


(A8) 


days  V* 


2(NP  - NP  ) 
n n-1 


N V*  + V* 

n ''n  , ''n 

n-1  n 


(A9) 


days  VP  = 


2(NP  - NP^  J 
n n-1 


n VP  , + VP 
n-1  n 


(AlO) 


22.  Block  6S.  Block  6S  provides  for  the  listing  of  the  param- 
eters computed  by  the  use  of  Equations  A8  throi:igh  AlO  above.  The 
values  listed  are  the  respective  values  corresponding  to  each  n^^ 
running  speed  selected. 

23.  Block  6T.  This  block  provides  for  a graphic  illustration  of 
the  data  obtained  from  the  above  relationships  and  listed  in  Block  6S. 
Figure  Ak  gives  an  illustration  of  the  data  obtained  from  the  example 
problem.  It  should  be  noted  upon  inspection  of  Figure  A^<  that  deterio- 
ration occurs  more  rapidly  if  traffic  volume  is  at  the  capacity  level 
or  at  the  probable  volume  level.  In  either  of  these  cases,  the  large 
Initial  volumes  of  traffic  provide  for  early  wear-out  or  deterioration 
of  the  facility  with  respect  to  its  original  capability. 

Computer  programs 

2h.  Details  of  the  program  (OVRL  U)  are  given  in  the  flow  dia- 
gram, Figures  A5  and  A6,  and  in  the  program  listing.  Figure  AT.  The 
program  listing  includes  data  input  requirements,  the  program,  and 
output.  Figure  A8  gives  the  output  listing  of  an  example  problem;  Fig- 
ures A2  through  Ah  are  plots  of  the  data  shown  in  the  output  listing. 


Siunmary 


25.  The  above  paragraphs  give  a description  of  the  DM  and  its 
utilization  of  deterioration  relationships.  The  hypothetical  deteriora- 
tion relationship  utilized  illustrates  the  validity  of  the  deterioration 
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Figxire  A^.  Traffic  volume  versus  time 
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iaZ3CC  DETiiriORATION  tKFECTS  ^NhLYSlS  KOLiDLt. 


ieer^c**« 
IZ32eC 
103300 
100400 
100500 
100600*** 
10070 
10080 
10090 
10100 
10110 
10120 
10130 
10140 
10150 
10160 
10170 
10180 
10190 
10230 
10210 
10220 
10230  100 
10240 
10250 
10260 
102704 
10280 
10290 
10300 
10310 
10320 
10330  110 
10340 
10350 
10360 
10370 
10330 
10390 
10400 
10410 
10420 
10430 
10440 
13450 
104604 
10470  200 
10480 
10490 
10500 
105104 
13520  205 
10530 
10540 


PROGRAMMES  bY  H.  R.  AUSTIN.  MaTHEMaT 10 IhN.  . SkPL.  VES. 
WRITTEN  FOR  VES600  TIMESHARING  OOMPUTcR.  MAY  1975. 


OOMMON  NRTYPE.SPASS.TPRESS(20.  8>.  ESVL(E0.  6>.St'i>0uR 
OOMMON  SURObR.OOVAXG(23.B).NV<20.8>.NVT.PVTYPE(20>.NAG(20) 
OOMMON  AXEEE(20.8).  I TaXELC 20.  6 > . POF  AOl . NLaNE. PaSSc.S (20. 8 } 
OOMMON  NPF.USPAO(20.C).THSLAY.  PPASS 

OOMMON  SD 1 ST, SRUK. SOPT. TOPT. VOLOaP. KEYV . L I STO. LANtV. VO 
OOMMON  VLENG  ( 2 0 > . F . ON.  ObAR. NVc.K.  TLO AO ( 23  ) . OR.  VN.  Tf  OV 
OOMMON  XM.XLI.MAINAV.TO 

OOMMON  SEOV.OVCl ) , XNEWvNXC 50 } . XNEVCNXI SO ) . SRUNS ( 50 > 

OOMMON  SOPTS(50>.OOPTO(50).VP(50).NS.NSPl.NP(5b).OAYOK<50> 
OOMMON  DAYVN(50>.OaYVP(503.XNc.WVN.XNEVON.OOPT 
OOMMON  00(1) 

DIMENSION  PL0T(3> 

REAL  NP 
PRINT  906 
PRINT  908 

PRINT." INPUT  LOWEST  ACCEPTIbLE  SPEE0(SL0W)7" 

OOKTINUE 

READ(S.930)SLOV 

PRINT. "INPUT  - XNEVVN.  XNEVON.  SRUK.  SOPT.  OOPT.  NPF7" 
READ(S.900>XNEVVNX( I >.XNEVCNX( 1 >.SRUNS( 1 }.SOPTS( 1 >. 

OOPTD( 1 ).NPF 

DV( 1 )«XNEWVNX( 1 )/SRUNS( 1 ) 

D0(  1 )=xkevon:<(  1 )/soPTS(  1 > 

IF(SLOW.LT.SRUNS( 1 ) ) GO  TO  110 
PRINT  901.SRUKS(1) 

CO  TO  100 

NS=AfcS(SRUNS( 1 )-SLOW) 

VP( 1 )=0.667»XK£WONX( 1 )*0.333*XNEVVNX( 1 ) 

NSPl =NS*1 
NP( 1 )>0. 

DO  200  J*2.:iSPl 
SRUNS  ( J)»SRL’KS(  1 )-d*l 
SRUN»SRUNS( j) 

CALL  PLATEl 

SOPTS( J)«30PT 

XKEVVKX ( J > » SRUNS ( J > *0V  ( 1 > 

XNEWCNX(J)«SOFTS(d)»OC(l ) 

VP( J)>0.667*XNEVCNX( J>*0.333*XKEWVNX( J) 

NP(d)«( (-NPF/(SRUNS( 1 ) -SOFTS ( 1 ) > >*SRUNS( J) >*( (SRUNS( 1 >*NP) 
>/ (SRUNS( 1 )-SCPT£( 1 > ) ) 

CONTINUE 
PRINT  904 
DO  205  d>l.KSPl 

PRINT  9e5.S’iL'NS(  J>.S0F13(d).XKEVVNX(J).  VP(  J).XNc.VCNX(J>. 
K'P(J) 

CONTINUE 
DAYCK( 1 )«B. 

DAYVN( 1 )*e. 


Figure  A7.  OVRL  U program  listing  (sheet  1 of  6) 
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105S0 

10S60 

10S70 

10S80 

I0S90 

10600 

10610 

10620 

10630 

10640 

106S0 

10660 

10670 

10680 

10690 

10700 

10710 

10720 

10730 

10740 

10750 

10760* 

10770* 

10780* 

10790 

10800 

10310 

10820 

10830 

10840 

10850 

10860 

10870 

10880 

10390 

10900 

10910 

10920 

10930 

10940 

10950 

10960 

10970& 

10980 

10990 

11000 

11010 

11020 

11030 

11040C 

11050C 

110600 

11070 

11080 

11090 


CAYVP( 1 )«0. 

SUMCN>0. 

SUMVN*0. 

SUMVP*0. 

DO  210  J*2<NSPI 

DAYCN(  J>*<2.*(NP<J>-NP(U-1  ) > )/ (XM:.WCNX(U- 1 )*XNc.VCNX(  J)  > 

DAYCNC J)*CAYCN<«n*SUMCN 

SUMCN*DAYCN(J) 

DAYVN(  J)  = {2.*(NP<  J>-NP<J-1  > > >/ ( XNtVVNXC  Jr  i > *XNc.UVNXC  J > ) 

DA YVN < J ) = DA YV N ( J ) ♦ S UMVN 

SUMWK=DAYVN{J> 

DAYVP(J)*{2.*(NP<J)-NP{J-1 )))/(VP(J-l )+VP(J)) 

DAYVP  < J > =DAYVP  ( J ) ♦St'MVP 
SUMVP»DAYVP{J) 

210  CONTINUE. 

PRINT  906 
PRINT  902 
DO  220  J*1.NSP1 

PRINT  903. LA YVN ( J ) . DAYVP < J ) . DaYCN ( J > . NP ( J ) 

220  CONTINUE 
PRINT  906 


PRINT. "THE  PROGRAM  IS  READY  TO  PLOT.  IF  PLOTTING  IS  LESIRc.L 
PRINT. "TYPE  A 1.  IF  1.0  PLOTTING  IS  DESIRED  TYPE  A 0.” 
READ(5.900) IPLOT 
IF( IPLOT.EO.0)CALL  EXIT 
PRINT. "SELECT  THt  DESIRED  PLOTS. 

PRINT. "TYPE  A 1.  IF  NOT.  TYPE  A 
PRINT. "THIS  ORDER  6L.  AM.  6S." 

READ  (5.900)PLOT( 1 ) . PLOT < 2 ) . PLOT C 3 ) 

DO  230  M=1.3 

1F(PLOT(M>.EQ.0)GO  TO  230 
MX=M 

CALL  hPLOT(KM) 

230  CONTINUE 

900  FORMAT(V) 

901  FORMAT ("INPUT  NEV  SLOW  --  SLOW  MUST  oE  < ".F8.0//) 

902  F0EMAT<5X.8HDAYS-V*N.7X.7hDAYS-VP.bX. 6HDmYS-D*N. 10X.2nNP) 

903  FORMAT! IX. 4F15.0) 

904  FORMAT!//"  SRUN  SOPT  V*N  VP  C*N 

NP"> 

905  FORMAT!2F6.0.4F12.0) 

906  FORMAT!///) 

908  F0RMAT!22X.28HDETERI0RaTI0N  EFFECTS  MODULE  ///)'' 

STOP 
END 

SUBROUTINE  KPLOT!MM) 


IF  A PLOT  IS  NC.C.DED. " 

0.  YOUR  CHOICES  SnOULD  FOLLOW' 


PLOTS  DATA  ON  HEWLETT  PACKARD  7200A  GRAPHIC  PLOTTER. 

COMMON  NRTYPE. SPASS. TPRESS !20. 6 >. ESWL!20. 8 > . SUuCBR 
COMMON  SURCjjR.COUAXG!20.3).NV!20.6).KVT,PVTYPE!20).N«G!20) 
COMMON  AXe.LL!20.8).  ITaXc.L  ( 20.  8 ) . PCF  aCT.  NLaNc..  PnSSc.S  ! 20.  8 > 


Figure  A7  (sheet  2 of  6) 
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II  tea  COXKOli  NPF,VSPhC(20,8),Tli5LhY,PPMSS 

11110  COMMON  SDlST,SRUN,SOPT,TOPT,VOLCHP,KLYV>LISTd*LHN4.V.,VC 

11120  COMMON  VLcMG<20>#F>CNjCb/;R,NVt.h.TLOH&(20}<uR.VN<TFwV 

II  130  COMMON  XM<NL1<MA1NAV<TC 

11140  COMMON  SLOV<LV(  I )<XNLVVNX(50><XNc.VCNX(S0><SRUNS(50) 

II  150  COMMON  SOPTS(50)<C,OPTI;(50><VP(50)<NS<NSP1<NP(50)<LaYlK(50) 

11160  COMMON  UAYVN  ( 50  ) < LAYVPC  50  ) , XNLVVN<  XNi.VCN<  LOPT 

11170  COMMON  DC(1> 

11180  DIMENSION  XSCALLl (50 >< YSCALLI (50 >< YSCALc.2 (50 ) < YSCaLL3 (50 > 

11190  DIMENSION  XSCALE2  ( 50  > < XSCALc-S  ( 50  > 

11200  DIMENSION  SH(3><SV(3><Ph(3><PV(3><Gl>(3><GV(3> 

1 12  10  REAL  NP 

11220  INTEGER  XSCALEI<YSCALE1<YSCALE2<YSCALE3 

11230  INTEGER  XSCALE2< XSCALE3 

11240  DATA  SH/6.<6.<6./<SV/4.<4.<4./ 

11250  DATA  PK/1 .< 1 . <9./<PV/l . <6.<6./ 

11260  DATA  GH/I5.< 15. < I5./<GV/ I0.< I0.< 10./ 

11270  IF(MM.NE.l)  GO  TO  301 

11280  PP.INT<riP(  1 )<NP(NSP1  )<SLOV<SRUNS(  1 > 

11290  PRINT." INPUT  - XM1N<  XMAX<  YMIN<  YMAX7" 

11300  REAL(5<900)XMIN<  XMaX<  YMIN<  YMAX 

11310  CALL  ATTACK! 10<"/S1XL;"<3<0<< ) 

11320  VR1TE( 10<902) 

II330C  SCALE  DATA  FOR  6L. 

11340  DO  400  L-I<NSPI 

11350  XSCALEl (L)«((NP(L)-XMIN)/(XMAX-XMIN))*9999.*(SH(MM)/Gh(MM)) 

113604  *9999. *(PH(MM)/GH(MM> ) 

11370  YSCALEl (L)«( (SRUNS(L)-YKIL)/ (YMaX-YKIN) )*9999.*(5V(iiM)/ 

113804  GU(MM)  1 + 9999. *(PV (KM )/GV(MM)> 

11390  YSCALE2(L)*( (SOFTS (L)-YM IN)/ (YMaX-YK IN) 1*9999. *(SV(MM)/ 

114004  GV(KM) 1+9999. *(PV (MM )/GV (KM) ) 

11410  WRITE! 10<901 IXSCALEl ( L 1 < YSCALE 1 ( L 1 

11420  400  CONTINUE 
11430  WRITE! ie<903) 

11440  WRITE! I0<902) 

11450  DO  410  L*I<NSPI 

11460  WRITE! 10< 901 1 XSCALE 1 ( L 1 < YSCALE2 ( L 1 

11470  410  CONTINUE 
11480  VP.1TE(  10<903) 

11490  CALL  DETACH! 10<<) 

11500  RETURN 

11510  301  1F(MM.GT.2)G0  TO  302 

11520  YMIN=55E+10 

11530  YMAX=-55E-10 

11540  DO  420  1*1<NSP1 

11550  YMIN=AMIN1 (YMIN<XNEWCNX( I 1 1 

11560  YMAX=AMAX1 ( YMAX< XNEWCNX( I 1 1 

11570  420  CONTINUE 

11580  DO  430  I*I<NSP1 

11590  YM1H»AKIN1 (YMIN.UP! I 1 1 

11600  YMAX»AKAXI (YMAX.VP! 1 1 1 

11610  430  CONTINUE 

11620  DO  440  1*I<NSP1 

11630  YK1N=AM1N1 (YMIN<XNEWVNX( 1 1 1 

11640  YKAX*AMAX1  (YM<.X<XNEWVNX(  1 1 1 
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11652  440  CONTINUE 

11660  PR1NT,NP( 1 ),NP<NSP1 ) , YM I N , YMfiX 

11670  PRINT, "INPUT  - XMIN,  XMAX,  YNIN,  YMaX?" 

11680  READ(5,902>XM1N,XMAX, YM1N,YMAX 

II690  CALL  ATTACKd 1,"/S1Xm;",3,0,, > 

11700  VRIT£(11,902> 

I1710C  SCALE  DATA  FOR  6M. 

11720  CO  450  L-1,NSP1 

11730  XSCALEl {L)«((NP<L)-XMIN)/ (XKAX-XMIN) )*9999.*SH<Hli)/Gh(MM)» 

117404  9999.*(PK(XiM>/GH(NM)) 

11750  YSCALEl  <L>  » ( (XNcVVNX<  L ) -YMIN  )/ ( YKAX-Yl-lIN  > ) *9999.  *SV<MM  )/GV  <MM) 

117604  9999.«(PV(KM)/GV(KM) } 

11770  YSCALE2(L)«<  (VPCD-YKIN  >/(YMAX-YMIN>  )*9999.*SV(MM)/GV(MM)«’ 

117604  9999.*<PV(KX)/GV<KM>> 

11790  YSCALE3(L>«<<XNEWCNX(L)-YM1N)/(YMAX-YNIN))*9999.*SV(MM)/GV(MM) 

118004  9999.«(PV(I'1K)/GV(MM>  ) 

11810  VRITEC 1 1,901 IXSCALEl (L), YSCALEl (L) 

11820  450  CONTINUE 
11830  VRITE<11,903) 

11840  UR 1T£( 1 1,902) 

11850  DO  460  L>1,NSP1 

11860  VRITE( 11,901 )XSCALE1 (L> , YSCALE2 ( L) 

11870  460  CONTINUE 
11880  UR1TE( 1 1,983) 

11890  URITEd  1,902) 

11900  DO  465  L>I,NSP1 

11910  VRIT£( 11,901 )XSCALE1 C L> , YSCALE3 (L) 

11920  465  CONTINUE 
11930  VRITEdl,903) 

11940  CALL  DETACH (1 1,, ) 

11950  RETURN 
11960  302  CONTINUE 
11970  XMIN>0. 

1 1 980  XMAX»DAYVN (NSPl ) 

11990  PRINT,XMIN,DAYUN<HSP1 ),YM1N,YKAX 

12000  PRINT, "XKIN,  XMAX,  YMIK,  YMAX" 

12010  HEAD<5,900)XK1N,XKAX,YXIN, YMAX 

12020  CALL  ATTACK(12,"/SIX3;",3,0,,  ) 

12030  VRITE(12,902) 

12040C  SCALE  DATA  FOR  6S. 

12050  CO  470  L*1,NSP1 

12068  XSCALEl  < L)  = < <DAYCN  ( L ) -Xt!  IN  >/  <XMAX-XKIN  ) > *9999.  ♦SliIKM  )/ 

120704  G1-UMM)*9999.  ♦{PhC'.IO/GhlMM)  > 

12080  XSCALE2<L)  = <<DAYVP<L)-XhIN)/(X:'lMX-XMlN  ) ) *9999 . *Sh<MH  )/GH(MM ) ♦ 
120904  9999.  ♦CPH(:-:M  )/CH(MK)  ) 

12100  XSCALE3(L>  = < (DAYVN(L)->;MIN)/(XMAX-XMIN)  )*9999.  *SnU«lM)/Gh(«t'i)f 

121 104  9999.*(PH(KM)/GH(MM) ) 

12120  VRITE(I2,90I  )XSCALEi  ( L } , YSCALc.3  (L) 

12130  470  CONTINUE 
12140  URlT£d2,903) 

12150  URITE(I2,902) 

12160  DO  480  L<>1,NSP1 

12170  WRITE! 12,901 )XSCALL2 < L ) , YSCALE2 ( L ) 

12180  480  CONTINUE 
12190  VRIT£d2,903) 
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12200  VP.ITEC  12.902) 

12210  00  490  L>1.NSP1 

12220  VRITE( 12.901 >XSCAL£3(L).Y5CALE1 (L> 

12230  490  CONTINUE 
12240  VR1T£( 12.903) 

122S0  CALL  D£TACK(12..) 

12260  RETURN 
12270  900  FORMAT (V) 

12280  901  FOP.MATC  14.  IX.  14) 

12290  902  FORMAT ("PLTL") 

12300  903  FORMAT <"PLTT") 

12310  END 

12320  SL'DROL'TINE  PLATEl 

12330C  THIS  SUBROUTINE  FINDS  SOPTIOPTIMUM  SPEEL(MPH)). 

12340C  WHEN  GIVEN  SRUNIRUNNING  SPEED(MPH)). 

12350  COMMON  NRTYPE. SPASS.TPRESS (20. 6 ). ESVL< 20. 8 ). SUbCoR 

12360  COMMON  SURCBR. COVAXG (20. 8).NV (20. 8).NVT.  PVTYPE(20 ). NAG (20 ) 

12370  COMMON  AX£LL(20.8).  ITAXEL(20.  8 ) . PCF  ACT.  NLaNE.  PhSSc.S  (20.  8) 

12380  COMMON  NPF.USPAC(20.8).ThSLAY.PPMSS 

12390  COMMON  SDIST. SHUN. SOPT. TOPT. VOLCAP. KEYV. DISTO.LAN^W.VC 

12400  COMMON  VLENG(20).F.CN.DBAR.NVEh.TLOAD(20).CR.VN.TFDV 

12410  COMMON  XM.XLI.MAINAV.TC 

12420  COMMON  SLOV  . DV  ( 1 ) . XNEVVNX(  50  ) . Xt^iLVCNX  ( 50  ) . SRUNS  ( 50  ) 

12430  COMMON  SOPTS(50).d6pTD(50).VP(50).NS.NSP1 .NP(50).LaYCN(50) 

12440  COMMON  DAYVN(50).DAYVP(50).)(NEWUN.XNt.VCN.LOPT 

12450  COMMON  DC ( 1 ) 

12460  INTEGER  SDIST 

12470  IF(SnUN'.GT.24.  )G0  TO  20 

12480  SOPT»SRUN 

12490  RETURN 

12500  20  1F(SRL'N.GT.29.  )G0  TO  22 

12510  S0PT=24.5 

12520  RETURN 

12530  22  1F(SRUN.GT.34. )G0  TO  24 

12540  S0PT«25. 

12550  RETURN 

12560  24  IF(SRUN.GT.39. )G0  TO  26 

12570  S0PT»25.5 

12580  RETURN 

12590  26  IF(SRUN.GT.44. )G0  TO  28 

12600  S0PT*26. 

12610  RETURN 

12620  28  IF(SRUN.GT.49. )G0  TO  30 

12630  S0PT=27. 

12640  RETURN 

12650  30  IF(SRUN.GT.S9. )G0  TO  32 

12660  SCPT»28. 

12670  RETURN 

12680  32  IF(SRUN.GT.69. )G0  TO  34 

12690  SOPT»30. 

12700  RETURN 

12710  34  1F(SRUN.GT.79. )G0  TO  36 

12720  S0PT*32.5 

12730  RETURN 

12740C  ANY  SRUN  > 79(MPK)  .THEN  SOPT  IS  SET  « 3S(KPh). 
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12750  36  S0PT*35. 

12760  RETURN 

12770  END 
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concept  by  showing  the  decrease  in  the  value  of  a road  as  a function  of 
use  and  time.  Though  hypothetical,  this  relationship  and  the  module 
discussed  provide  for  close  approximation  of  the  attrition  of  volume 
and  speed  illustrated  in  Figures  A2  through  Ah. 
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In  aecordanee  vlth  ER  T0~S-3,  paragraph  6c(l)(b), 
dated  15  Fahniary  19T3>  a faealalle  catalog  card 
In  Library  of  Coogreas  fonat  la  reproduced  below. 
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